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VER 950 proved peptic ulcer patients were treated in the gastro- 

enterologieal clinic of the fourth medical and surgical divisions 
of Bellevue Hospital from January, 1928, to July, 1938. These patients 
made over 19,000 visits to the clinic, or an average of twenty visits per 
patient. 

In this group there were 106 cases of gastroenterostomy, which have 
been followed for at least one year, and for an average of 7.1 years, 
postoperatively. These patients made a total of 2,694 visits to the 
clinie, or an average of 25.4 visits each. No case is reported in this 
eroup in which the follow-up period was less than twelve months. 
Sixteen additional cases of gastroenterostomy, followed in the clinic 
for less than one year, have not been included in the present study. 

We thought in the early years of our clinic that results from gastro- 
enterostomy were going to be satisfactory, but, as time went on, we 
began to suspect that our results were not similar to those being re- 
ported by other clinics. This suspicion resulted in our first study and 
analysis of results from this type of operation, published in 1933. 
The present paper is a second analytical study of the gastroenteros- 
tomies to see what light can be thrown on the subject by additional 
‘ases and a longer period of observation. 

If there is any merit in this report it is due (1) to the continuous 
personal contact between patients and physician which resulted in 
the recording and study of all complaints, and (2) to the frequency 


Received for publication, October 30, 1939. 


647 








648 SURGERY 


of the roentgenologic studies. It is our policy to make roentgenologic 
examinations on each patient every six months, unless symptoms call 
for more frequent intervals. 

Our personal follow-up method showed that statistics obtained 
by letter are of questionable value. A patient of ours, for example, 
reported himself as well (in a letter), but on the records of another 
hospital it was found that he had been operated upon for a recurrence. 
It is common knowledge that ‘‘failures do not return’’; neither do 
they respond to follow-up letters. It has been our experience that 
these individuals must be traced to their homes at frequent intervals 
if accurate data are to be obtained. 

Our continuous follow-up (more than twenty-five visits per patient 
over an average of seven years) was based on the belief that a single 
observation after a lapse of one or several years is quite misleading. 
The symptomatology of peptic uleer is a cyclic phenomenon. Unless 
there are frequent periods of observation, this periodicity may be lost 
sight of. Patients seen in a symptom-free interlude have frequently 
forgotten the discomfort suffered only a few months before. We 
therefore attempt to follow our patients at intervals of three months. 
Six months or a year would allow them to fall into periods of remis- 
sion. The three-month checking period allows us to keep an accurate 
graphie study of weight, a factor most important in prognosticating 
reeurrences. 

Although the results of our analysis are not favorable to gastro- 
enterostomy, it is not our purpose to condemn the operation in favor 
of some other, such as, for instance, subtotal resection. We wish 
merely to present the findings and results as we have found them after 
a fairly extensive study. Our findings in subtotal resection will be 
evaluated later. 

This study may prove of considerable interest because of the large 
number of factors we have attempted to determine. We not only 
present our end-results, but we also have broken them down into their 
component parts, showing the results in different anatomic and symp- 
tomatie uleer types. Our statistics should aid in determining the kind 
of patient in whom ulcers are most likely to occur, since they are de- 
rived from a study of postoperative cases. 

Men and women of different nationalities and occupations are repre- 
sented in the group, and tabulations have therefore been made to show 
the average ulcer individual in his physical conflict against the dis- 
ease. The analysis comprises totals, averages, and percentages from 
96 males and 10 females, a ratio of 10:1, which bears out the already 
established conception of marked prevalence in the male (Table 1). 
The average weight in this group of patients was 140 pounds, a finding 
in agreement with our former observation.’ 
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TABLE | 


SEX 
NUMBER PER CENT 
Males 96 90.5 
9.5 


Females 10 


The majority of our peptic ulcer patients were between the ages 
of 20 and 50 years at the time of operation (Table IL). The range 
of ages was from 22 to 69 years, with an average of 38, indicating 
prevalence in the period of greatest activity. Symptoms had been 
present before operation for an average of 5.6 years, which indicates 
that the average age at which uleer activity had begun was 32.4 
years. 

TABLE I] 


AGE AT OPERATION 


NUMBER PER CENT 

20-30 yr. rH | 25 
30-40 yr. 45 4] 
40-50 yr. 21 20 
50-60 yr. 10 10 
60-70 yr. Z 4 

Youngest patient 22 yr. 

Oldest patient 69 yr. 

Average age 38 yr. 


Average preoperative duration of symptoms 5.6 yr. 


TABLE III 


BIRTHPLACE 





NUMBER PER CENT 
United States 39 31.0 
Ireland 17 16.3 
Italy 13 12.5 
Russia LZ 11.5 
Germany ) 3.8 
Britain 3 2.8 
Scotland = 2.8 
Hungary 3 2.8 
West Indies 3 2.8 
Seandinavia 2 LZ 
India I 1.0 
Turkey | 1.0 
Spain l 1.0 


In Table III the nationalities, or to state it more accurately, the 
birthplaces, of patients are given. These data are not widely ap- 
plicable, since in different localities immigration may have caused 
certain groups to predominate. The fairly high number of Irish, 
Italian, and Russian subjects (13, 13, and 12 per cent respectively) 
was perhaps to have been anticipated in a study made in New York 
City. 
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Many reports have stressed the effects of certain confining occupa- 
tions tending to produce or aggravate peptic ulcer. We have grouped 
the occupations in our series as nearly as possible under similar con- 


ditions of exposure, confinement, and continuity of duty (Table IV). 


TABLE IV 


OCCUPATIONS 


NUMBER PER CENT 
Carpenter, painter, mason, machinist, steam 14 14.2 
fitter, iron worker 
Elevator operator, janitor, porter, barber, ship- 14 14.2 
ping clerk 
Chauffeur, truckman, teamster, automobile 13 [3:2 
mechanie 
Laborer, longshoreman 12 12.2 
Clerk, ticket agent, cashier, teacher 9 9.2 
Fireman, policeman 8 8.2 
Operator, cutter, tailor, furrier 7 fan 
Salesman, saleswoman 7 Vee 
Cook, waiter 6 6.2 
Housewife 6 6.2 
Artist, actor 2 2.0 


It will be noted that confinement of duty seems to be invariably pres- 
ent in the groups showing the largest percentages of sufferers. 

When a study such as this is developed from clinic material, it is 
imperative to show where the operations were performed, for only 
in this way can a knowledge of the type and thoroughness of the 
operative technique be gained. From Table V it will be seen that 


TABLE V 


PLACE OF OPERATION 


NUMBER PER CENT 
Bellevue Hospital, New York City 64 62.7 
Other New York City Hospitals 30 29.5 
Total, New York City G4 92.1 
Hospital outside New York City 8 7.8 


Unknown 4 


92.1 per cent of those patients whose places of operation were known 
were operated upon in New York City and that 62.7 per cent were 
operated upon at Bellevue Hospital. 

We found in our series that duodenal uleer was predominant over 
gastric ulcer in a somewhat higher ration than that usually accepted 
(Table VI). It is our belief that duodenal ulcers will be reported in 


TABLE VI 


TYPE OF ULCER 


NUMBER PER CENT 
Duodenal 94 92. 
Gastric 9 8 
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higher ratio from other clinics as a better understanding develops of 
where a so-called pyloric ulcer should be classified. 

A custom usually followed in presenting such a paper as this is 
the recording of preoperative symptoms involving the numbers and 
percentages of patients suffering from nausea, pain, hematemesis, loss 
of weight, gastric acidity, ete. We have felt, however, that these 
general symptoms are elicited or not elicited, depending on the amount 
of pressure exerted by the examiner. We have found it more impor- 
tant to ask in these cases a question easily answered by a review of 
the history; i.e, why was the patient subjected to surgical inter- 
ference (Table VII)? The following causes appear to have been note- 
worthy : 

TABLE VII 
REASON FOR OPERATION 


NUMBER, PER CENT 
Pain alone 62 59 
Perforation 13 12 
Pain and obstruction 10 9 
Pain and hemorrhage 9 9 
Obstruction alone 3 5) 
Pain, hemorrhage, and obstruction 3 3 
Hemorrhage alone 2 2 
Obstruction and hemorrhage l l 


1. Severe Pain.—Under this heading comes pain which is not relieved 
by medication, rest, or diet, and which is without intervals of relief or 
periods of remission. 

2. Obstruction—tThis is an adequate cause for operation if repeated 
roentgen examinations show a retention after six hours with severe 
pain. However, the conscientious use of a dietary regime and anti- 
spasmodic drugs in the majority of instances will relieve the obstrue- 
tion without the necessity of operation, unless severe pain is also pres- 
ent. If the patient suffers severe pain with pylorie obstruction, then 
surgical intervention is indicated. 

3. Hemorrhage.—This is an operative indication if repeated in spite of 
adequate medical regime and if of sufficient quantity to cause anemia. 
Massive hemorrhage was not a contributing factor in this series. 

4. Acute Perforation— Occasionally an indurated ulcer causes ob- 
struction at the pyloric outlet. The performance of gastroenterostomy 
for an acute perforation is, however, not held in favor at this elinie, 
as we feel that simple closure is much the better procedure. It carries 
au lower mortality rate and does not subject the patient to possible post- 
operative sequelae. (See Table XVI). 

5. Malignant Degeneration.—This is definitely a threat in all uleer pa- 
tients and may be ealled an indication for surgery. However, there 
were no cases of malignaney in this series, and, since in our entire 
eroup we have seen only a few cases of malignant degeneration, we are 
not overenthusiasti¢e in using this as a compelling cause for operation. 
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6. Penetration or Perforation—This includes only those cases where 
roentgen study shows a definite fluid level of barium in the crater of the 
ulcer. There was no case of this nature in our series. 

Since we were interested in the end results following operation for 
different causes, we have determined the number of cases and the per- 
centage of incidence of the various symptoms in the entire group 
(Table VIII). It is obvious that uncontrolled pain, which was present 


TABLE VIII 
FACTORS PRECIPITATING OPERATION 


NUMBER PER CENT 


Pain 84 80) 
Obstruction 19 1S 
Hemorrhage 15 14 
Perforation 13 iz 


in SO per cent of the cases, is by great odds the most predominating 
influence in bringing patients to operation. 

The 106 cases in which the results have been interpreted have been 
tabulated in three categories (Table IX). 


TABLE IX 


END RESULTS OF GASTROENTEROSTOMY 


NUMBER PER CENT 
Cured 26 24.5 
Benefited 31 29.2 
Total improved 57 53.7 
Unimproved* 49 46.2 


*Seventeen, 16 per cent, had secondary operation for recurrence of symptoms. 

1. Cured —Under this heading we placed all patients who have been 
symptom free since operation, have eaten regular food, have performed 
their customary duties, and have resumed their normal positions in life, 
contributing to and competing in present-day society. There were 26 
(24.5 per cent of the series) in this group. It is interesting to note that 
in the cases cured the average age at operation was 45 years. 

2. Benefited.—In this group were included those individuals who, al- 
though suffering from a mild recurrence of symptoms and mild di- 
gestive disturbances, were able to resume their former activities and 
gainful occupations. These patients must always observe dietary re- 
strictions and supplement them by occasional medication. Thirty-one 
sases, or 29.2 per cent, belong to this group. It was found that in the 
improved cases pain recurred as a symptom, on the average, 4.5 vears 
after operation. Table X shows the recurrent symptoms in this group. 

By adding the cured to the improved cases we find that 53.7 per cent 
of the patients who underwent gastroenterostomy were helped by this 
procedure. 
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TABLE X 


RECURRENT SYMPTOMS IN IMPROVED CASES 


NUMBER PER CENT 
Pain* “ — 2 7 
Pain and hemorrhage 12.5 
Pain and suggestive ulcer 2 6.5 


*In 27 cases pain recurred as a symptom 4.5 years after gastroenterostomy. 


3. Unimproved.—tThis category included patients who received no 
relief, or who actually became worse, as well as those who experienced 
recurrences of symptoms with their original intensity. There were 49 
patients (46.2 per cent) in this group. Table XT shows the form of the 


TABLE XI 


RECURRENT SYMPTOMS IN UNIMPROVED CASES 


NUMBER PER CENT 
Pain* 13 96.5 
Pain and ulcer 14 28.6 
Pain and hemorrhage 7 14.5 
Pain, hemorrhage, and ulcer 6 122 
Hemorrhage 6 L332 
Suggestive ulcer and pain 3 6.0 


*In 43 cases pain recurred as a symptom 3.2 years after operation. 


recurrent activity. In 43 of the unimproved cases pain recurred as a 
symptom an average of 3.2 years postoperatively. Table XII shows 
the incidence of marginal ulcer and postoperative hemorrhage in this 


eroup. 


TABLE XII 


SYMPTOMS IN UUIMPROVED CASES 


NUMBER PER CENT 
Pain 43 87.7 
Marginal ulcer 
Proved 20) 10.8 
Suggestive 3 6.0 
Hemorrhage 19 38.7 


It is interesting to note that, of the 106 patients operated upon, 17, or 
16 per cent, had second operations performed for recurrence of symp- 
toms. 

It seems wise, before entering into the statistical data regarding 
the incidence of marginal ulcer, to discuss some of the reasons why 
these statistics are at sueh variance with other reports. Unquestion- 
ably, the greatest single factor is the inadequacy of most follow-up 
systems. Assuredly, a writer compiling statistics of cases one or two 
years postoperatively will encounter fewer recurrences and unfavorable 


sequelae than he who waits for five or ten years to assemble his results. 
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Also there is a difference of opinion as to the criteria necessary for 
the diagnosis of marginal or gastrojejunal uleer. This is understand- 
able, for the term itself is somewhat misleading and the opportunity 
to observe these findings either at operation or by roentgenography is 
limited. Such uleers are best described as oceurring about the new 
stoma after short-circuiting operations. It was found! that they oe- 
curred at the following sites, in the order given: (1) on the jejunum 
about one inch distal to the stoma; (2) at the distal wall of the jejunum 
directly opposite the stoma; (3) on the margin of the stoma at the 
jejunal side of the anastomosis; and (4) on the stomach wall near the 
stoma. Roentgen examination presents difficulties. It is hard to find 
the marginal uleer in all cases as a niche in the films. 

Of the 106 cases, 20, or 18.8 per cent, were found by two or more 
roentgen examinations or by operation to have gastrojejunal ulcers. 
In these cases the average time before the ulcer was proved was 
4.95 vears. In 6 others (5.6 per cent) one roentgen examination and 
the symptomatology suggested gastrojejunal uleer. In these the 
average time before the condition was suggested was 3.5 years. The 
oceurrence of marginal ulcer is presented in Table XIII. 


TABLE XIII 


MARGINAL ULCER 


NO. OF ULCERS 


NO. OF CASES PER CENT 
Gastroenterostomy 106 .©~©)hC Proved—(ai ttiCSsti(‘izt™ 1.8 
Suggestive 6 5.6 
In obstruction 19 3 15.6 
In acute perforation 13 3 23.0 
In gastric ulcer 9 3 13.3 


Ifemorrhage presents a perplexing condition. Conservative treat- 
ment versus operative interference is still a matter of controversy. 
However, we accepted as grounds for surgery hemorrhage of sufficient 
intensity to cause anemia. The results of gastroenterostomy in this 
type of case are shown in Table XIV. Of the 106 cases, preoperative 


TABLE XIV 


HEMORRHAGE 
In 106 gastroenterostomies, 15 had preoperative hemorrhage (14.1% ) 
Of 15 cases with preoperative hemorrhage, 7 (46.6%) recurred after an average of 
4.43 yr. 
Of 91 cases without preoperative hemorrhage, 15 (16.5%) had postoperative hemor- 
rhage after an average of 4.8 yr. 
In 106 gastroenterostomies, 23 had postoperative hemorrhage (21.7%) after an 
average of 4.68 yr. 


hemorrhage had occurred in 15, or 14.1 per cent. In these 15 cases, 7, 


or almost one-half, had postoperative hemorrhages, at an average of 
4.43 years after operation. In 91 cases operated upon in the absence 
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of preoperative hemorrhage, 15, or 16.5 per cent, hemorrhaged post- 
operatively, after a similar lapse of time. Thus 23 cases of hem- 
orrhage occurred in the group, but the proportion of cases in the group 
where preoperative bleeding had occurred was far higher. 

The end results of gastroenterostomy in obstructed and acutely per- 
forated cases are most illuminating (Tables XV and XVI). In 65 per 


TABLE XV 


END RESULTS IN 19 CASES OF OBSTRUCTION 


NUMBER PER CENT 

Cured 8 42 
Benefited } 21 
Unimproved is 7 

Pain recurred 5 

Pain and marginal ulcer 2 

Pain, hemorrhage, and marginal ulcer l 

Pain and hemorrhage 2 
Hemorrhage ] 


*Marginal ulcer following operation occurred in 3 cases, an incidence of 15.6 per 
cent, 


TABLE XVI 


ENp RESULTS IN 13 PERFORATIONS 


NUMBER PER CENT 
Cured 9 15 
Benefited 5 39 
Unimproved 6 4G 
Marginal ulcer 3 23 
Pain as before 2? 15 
Massive hemorrhage | 8 


cent of the obstruction group improvement resulted, while 37 per cent 
were unimproved or were made worse. Among the latter were 15.6 
per cent in whom marginal ulcer developed. Gastroenterostomy for 
acute perforated ulcer is rarely performed in our clinic. In this series 
of 13 eases, only 54 per cent could be classed as cured, with 46 per cent 
remaining unimproved or actually made worse by operation. This 
group showed a 23 per cent incidence of marginal uleer. 

Although gastroenterostomy is now rarely, if ever, performed in 
gastric ulcer, it was formerly done. The end results following that 
operation in 9 eases are therefore shown in Table XVII. As was to 


TABLE XVII 


ENp RESULTS IN 9 Gastric ULCERS 


NUMBER PER CENT 
Cured 2 22 
Benefited 2 22 
Unimproved 5 56 
») 


Marginal ulcer » 
Pain and hemorrhage l 
Marginal uleer and hemorrhage l 
Pain as before | 


*Marginal ulcer occurred in three cases, an incidence of 33.3 per cent. 
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be expected, the percentage of unimproved cases is high (56 per cent 
of the eases are classed as failures). There were three marginal ulcers 
following the 9 operations, an incidence of 33.3 per cent. 

SUMMARY 


A statistical analysis of 106 gastroenterostomies in peptic ulcer, 
together with their end results, is presented. This is based on a follow- 


up study of from 1 to 12 years, with an average of 7.1 years. The re- 


sults do not produce so favorable a view of this operative procedure 
as is generally presented by other writers, presumably because of the 
longer follow-up period adopted. 

REFERENCE 
1, Church, Reynold E., and Hinton, J. William: A Study of 671 Cases of Peptic 


Uleer With Special Emphasis on 114 Postoperated Cases, New York State J. 
Med. 34: 1934. 
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HE frequent removal of the gall bladder for gallstones and the 


consequent familiarity of surgeons with this organ has led to a 





widespread interest in the other diseases to which it is subject. Car- 





cinoma of the gall bladder has received much attention in the medical 





publications of the past sixty vears. Graham" and others! 7%: 34 speak 





of the condition as being more common than is generally thought. The 





question as to whether or not gallstones play an etiological role and 





the vexing problems of prophylaxis and therapy resulting therefrom 





also make it a subject of general interest. A numerical expression of 





the risk of developing carcinoma that an individual with gallstones 





runs would be of great help to the clinician in deciding upon the proper 





form of treatment of a case in which stones have been discovered but 





in which symptoms are minimal or absent. It was with this point 





chiefly in mind that the present study was undertaken. The sources 





of information have been the files of the Massachusetts General Hos- 





pital and the medical literature. 


Between January, 1898, and June, 1939, there were admitted to the 





hospital 84 cases of primary carcinoma of the gall bladder. In 26 of 





these cases no specimen was taken for pathologie examination, but 





a definite gross diagnosis of carcinoma of the gall bladder was made 





at operation. In 58 the diagnosis was proved by pathologie section 





either at autopsy or at surgical biopsy. All cases of carcinoma of the 





bile ducts were exeluded from this series. Other statistics were gath- 





ered from 8,000 consecutive autopsies between 1896 and 1936; from 





169,646 consecutive hospital admissions from January, 1925, to June, 





1939; and from 1,528 operations for cholelithiasis from January, 1925, 
to December, 1936. 






FREQUENCY 







A summary of values for the incidence of carcinoma of the gall 
bladder in different groups is given in Table I. The first two columns 
which show that it occurs in from 0.27 to 0.61 per cent of all deaths 
and in from 2.8 to 5.6 per cent of all cases of carcinoma are the most 







consistent and most accurate. Graham’s figure of 8 to 10 per cent of 







all eases of carcinoma is not included here because it was derived from 
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the United States mortality statistics which, as he emphasizes, are not 
controlled by pathologic examination. According to autopsy statistics 
at the Massachusetts General Hospital, carcinoma of the pancreas, 
chosen for comparison because of its familiarity, has an incidence of 
1.1 per cent of all deaths. Carcinoma of the gall bladder, being 0.37 
per cent, is, then, approximately one-third as common as carcinoma of 
the pancreas. In European clinics. however, it seems to occur more 
frequently. Rolleston and McNee*! found it to be fifth in frequency 
of all cases of carcinoma connected with the gastrointestinal tract, 
and Kaufmann’s** series of over 2,000 autopsies showed it to be three 
times as common as pancreatic carcinoma. Such differences seem to 
be explicable only on geographical variations. In the last two columns 
the figures for its incidence in autopsies on cases with gallstones are 
somewhat higher than those for its incidence in gall-bladder opera- 
tions. Without the one high figure of 6.7 per cent of Erdmann, this 
would be even more striking. It is probable that the operative sta- 
tistics are the more accurate on this score, because autopsy statistics 
may be distorted by previous cholecystectomies and possible failure 
to mention gallstones when they are present. In order to check this 
information, an analysis was made of the incidence of the two diseases 
among hospital admissions. From January, 1925, to June, 1939, there 
were 2,975 cases of cholelithiasis and 40 cases of carcinoma of the gall 
bladder admitted, an incidence of 1.3 per cent. This period, which 
is that since the introduction of the Graham test, was chosen because 
of the probability of greater accuracy of diagnosis with the aid of that 
procedure. This value is within the range of the incidence of car- 
cinoma of the gall bladder in biliary operations. 

From the above evidence it can then be said that carcinoma of the 
call bladder is an infrequent disease causing about 0.33 per cent of all 


deaths and appearing in 1 to 2.5 per cent of all gall-bladder operations. 
ETIOLOGICAL ROLE OF GALLSTONES 


That gallstones play a strong etiological role in the development of 
carcinoma of the gall bladder is a belief firmly entrenched in surgical 
opinion. The fact that this belief is not wholly subscribed to by the 
internist and general practitioner, and that there have been some re- 
cent publications?! *4 that cast doubt upon it, makes it of interest to 
weigh both sides of the question. Table II shows a series of values 
procured from the literature and from the present series which demon- 
strate the frequency of occurrence of gallstones in carcinoma of the 
vall bladder. The majority of reports give an incidence of over 60 
per cent. There are notably two series which had a lower percentage 
than this, that of Jankelson and that of Seide and Geller. In the 
Massachusetts General Hospital series there were only 50 cases in which 


the presence or absence of stones was definitely mentioned. Of these 
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44 had stones and 6 had none, an incidence of 88 per cent. It is ad- 
mittedly difficult in looking over records to know whether to classify 
cases in which stones were not mentioned as ‘‘ without stones’’ or to dis- 
card them. In this series the cases, principally those explored sur- 
gically, in which stones were not mentioned and the inside of the gall 
bladder was not visualized were discarded. Those cases in which the 
eall bladder was opened either as a surgical or autopsy specimen and 
in which stones were not mentioned are included as *‘without stones. ”’ 
This seems fair, because, in view of the difficulty with which stones 
are sometimes palpated through the gall-bladder wall in benign cases, 


one could expect to be able to feel them in few cases in which the wall 


is infiltrated with carcinoma. It is frequently difficult to ascertain in 
the literature what criteria for establishing the presence or absence 
of stones were used. 

TABLE If 


INCIDENCES OF GALLSTONES IN CARCINOMA OF THE GALL BLADDER 


AUTHOR 


"NO. OF CASES _ INCIDENCE 


SS.0% 


Massachusetts General Hospital 
78.3% 


Sternberg 
Finsterer ) 93.5% 
Judd and Gray 915 64.6% 
Rhodes and Greenblatt 2% 60.8% 
Illingworth 38 81.5% 
Jankelson 3! 52.6% 
Seide and Geller : 18.5% 
Cooper 4! 79.0% 


Other authors (3, 34, 35) Undetermined 60-100% 


That the occurrence of gallstones in carcinoma of the gall bladder 
is greater than is found in the population as a whole or even in the 
selected age group in which carcinoma is most common can be seen 
by comparing Table II with Table III. The higher figures in Table III 
(Sternberg and Crump) approach the lower ones (Jankelson and Seide 
and Geller) in Table II. The general incidence of stones, however, 
can be seen to be much higher in the cancer group. 

There seems little doubt, then, that gallstones are an unusually com- 
mon accompaniment of carcinoma of the gall bladder. This gives rise 
to the question as to whether they precede or follow this condition. 
Aschoff and Bacmeister? think on theoretical grounds that the stones 
either form in the carcinomatous gall bladder or are merely coinci- 
dental findings. Even though this were usually the case, it is a com- 
mon ¢linical observation that in some cases stones cause symptoms 
before the tumor develops. Such cases are the ones, rarer to be sure 
than is generally thought, which give a long history of years of inter- 
mittent gallstone colic, longer than it would be possible to harbor an 
etiological carcinoma and survive. Other evidence against the idea 
that the carcinoma causes the stones is that of Siegert,2° who found 





WARREN AND BALCH, JR.: CARCINOMA OF GALL BLADDER 661 


TABLE III 


INCIDENCE OF GALLSTONES IN POPULATION 


WHOLE ~ OLDER AGE 
POPULATION GROUPS 


AUTHOR NO. OF CASES 
Massachusetts General 8,000 autopsies 9.65% - 
Hospital 109,646 admissions 2.6% 
Crump 1,000 autopsies 
Sternberg 64 cases of carcinoma 
of bile ducts 
Shelley and Ross All malignancies 
Osler and McRae Unknown 
Other authors Unknown 
(4 authors quoted by 
Crump) 
Range 


*Under 50 years of age. 
{Fifty to 80 years of age. 
tWomen over 60 years of age. 
§ Adults. 


that in 13 cases of secondary carcinoma of the gall bladder only 15 
cases, or 16 per cent, had stones. Rolleston and McNee*! say that 7.7 
per cent of such cases have stones. This is to be contrasted with the 
60 to 100 per cent incidence of stones in cases of primary carcinoma 
(Table Il). Rolleston’s criticism that these secondary tumors do not 
involve the gall-bladder mucosa and so could not be expected to cause 
stones does not hold in Siegert’s series. All his cases had involvement 
of the mucosa, some with ulceration. If the carcinoma were the cause 
rather than the result of the stones, the percentage should be much 
higher; and that even in spite of the fact that patients with secondary 
carcinoma of the gall bladder have not long to live and form stones. 
There are other questions, also, that would have to be answered if it 


were assumed that the stones are caused by the tumor. How would 


one explain the cases that occasionally occur in which the carcinoma 


is so small that it could not possibly have disturbed gall-bladder fune- 
tion enough to cause stones? The patient in this series that is living 
after two and one-half vears is one of these. How would one explain 
the failure of stone formation in the very few cases of carcinoma of the 
eall bladder which have no stones? The weight of evidence is in favor 
of the stones forming before the carcinoma. 

The considerable amount of animal experimentation which has been 
done to determine the etiological role of gallstones in carcinoma of the 
eall bladder has given inconclusive results. Burrows,” ® who has done 
the largest series of experiments, has failed to produce carcinoma by 
the insertion of gallstones into the gall bladders of guinea pies for 
periods of up to seven years. Thus he has failed to confirm the earlier 
work of Kazama*t and Leitch,” who apparently produced definite ear- 
cinoma by this means. Because of the equivocal nature of such evi- 
dence and because of the doubtful wisdom of comparing such condi- 
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tions in the experimental guinea pig to those in a human being with 
cholelithiasis, this work cannot serve the present argument. 

From the above discussion it is not possible to state whether gall- 
stones are the direct cause of gall-bladder carcinoma or whether both 
the stones and tumor are the result of some common irritating or pre- 
disposing factor. It can be affirmed, however, from the evidence cited 
that a gall bladder with stones has a greater chance of developing 


carcinoma than one without. 


PROPHYLACTIC AND THERAPEUTIC CONSIDERATIONS 


Carcinoma of the gall bladder does not cause symptoms or signs 
distinguishable from those of cholelithiasis until it has extended out- 
side that organ. Thus, when it is clinically recognizable as such, it is 
usually incurable. Most authors have felt so sure of having left tumor 
tissue behind in all the cases they have operated upon that few at- 
tempts at follow-up have been made. Rhodes and Greenblatt®® report 
all of a series of 24 cases as dead or dying shortly after operation. 
If carcinoma limited to the cavity of the gall bladder is found aeci- 
dentally at or after cholecystectomy for gallstones, the end results 
may be much better. Thorek*®® reports 5 of 11 such cases living two 
to ten vears after the operation, and in none of the remainder was it 
definitely known that recurrence took place. Webber*® and Shelley 
and Ross*® each report one case living at six and one-half years. The 
combining of partial liver resection with cholecystectomy to remove 
all the tumor has been occasionally attempted. Finsterer’® reports 1 
of his 3 cases thus treated as living at six and one-half years and Hoch- 
berg and Kogut!* also tell of complete removal of the tumor by this 
means. In the present series attempts were made to follow only those 
cases observed after Jan. 1, 1925. Of the 40 cases in this period, 35 
were operated upon, and of these only 4 left the hospital with any 
possibility that all the tumor had been removed. One of these was 
reported as moribund six months later, 1 has not been heard from, 
and the other 2, cases in which the disease was confined to the gall- 


bladder mucosa, are living and, as well as can be told by letter, free 


from disease, twelve years and two and one-third years after operation 


respectively. No reports of attempts at x-ray or radium therapy have 
been found. It seems unlikely, however, from the deep-seated nature 
of the lesion, from analogy with other carcinomas of the gastrointesti- 
nal tract, and from its proximity to such organs as the liver and 
pancreas that this form of treatment would be either effective or well 
tolerated by the patient. 

Since clinically established carcinoma of the gall bladder is ineur- 
able, since cholelithiasis is in a definite, if small, percentage of cases 
(1 to 2.5 per cent, Table I) a premalignant condition, and since the 


gall bladder is an organ so dispensable and easy to remove, the question 
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arises as to whether all gall bladders with stones, regardless of symp- 





toms. should not be removed because of the risk of carcinoma alone. 





This is a policy advocated by some, but since, according to the sta- 





tistics in Table ILI, this would involve performing cholecystectomy 





on 25 to 50 per cent of the female population over 60 vears of age, 





modification of it may well be considered. 






An attempt has been made to discover from the recorded ¢linical 


findings of our 84 cases any points that might help to indicate which 





case of gallstones will develop carcinoma and which will not. Table 





IV shows the duration of symptoms in the 63 cases in which this point 





could be determined. Of the cases 35, or 55 per cent, had symptoms 






for six months or less. A few had the ‘‘classical’’ long history of colic 





or other gall-bladder symptoms lasting over several decades, but the 





majority did not. At least 5 of the cases in which stones were defi- 





nitely found had symptoms for less than six months. Of the 84 cases, 





52 had in their history pain characteristic of colic and 32 had no colie 





but digestive symptoms. Although these observations are at odds with 





those of Magoun and Renshaw?" who found the average duration of 





symptoms to be ten to thirty vears, they are supported by other ob- 






servers. Seide and Geller® found that 44.5 per cent of their cases had 





the first symptoms within six months of admission. Fawcett and Ripp- 





mann! @o so far as to say that a history of typical gallstone colic is 





so rare in carcinoma of the gall bladder that, if a patient presents it, 





one may say that he will not develop carcinoma. This extreme view 





is not borne out in the present series of cases, for most of those who 





had colic gave a typical story of it. It seems logical to conclude, then, 





from the present data that the case of gallstones without symptoms or 





the one without a long history or the one without colic is as likely to 






develop carcinoma as the case with these symptoms. 







TABLE IV 








DURATION OF SYMPTOMS IN S84 CASES OF CARCINOMA OF THE GALL BLADDER 





PERCENTAGE OF THE 
DURATION NO. CASES 63 KNOWN CASES 


‘ 2 . 27.0% 








Less than 1 mo. 











1-6 mo. 18 28.5% 
More than 6 mo. 28 44.4% 
History inadequate 2] 





“4 
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% 





The number of attacks of colic gives no indication as to which case 


will develop carcinoma. Since January, 1925, there have been 24 cases 





of carcinoma of the gall bladder with a history of colic. Of these 12, 





or 50 per cent, had only one attack; the others, multiple attacks. The 






¥ number of stones present in the gall bladder gives us no clue as to 
Bi . ’ y 
% premalignancy. In the whole group of 84 cases the number of stones 





was accurately described in only 44. In 40 cases they were multiple, 
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and in 4 they were single. This ratio is about what one would expect 
in eases of cholelithiasis without malignancy and is of no clinical 
significance. 

Since no criterion can be found for selecting the premalignant cases 
from the others, it remains to weigh the magnitude of the risk of 
malignancy against the risk of operation. The risk of cancer seems 
to be 1 to 2.5 per cent (Table 1). Simple cholecystectomy for chronic 
cholecystitis with or without stones in major American surgical clinics 
today carries a mortality of not greater than 2 per cent (Allen and 
Wallace, 1.8 per cent; Cheever, 1.12 per cent; Graham, 1.56 per cent; 
Whipple, 0.78 per cent). If one considers 1 to 2.5 per cent the range 
of the lowest acceptable incidence of carcinoma of the gall bladder in 
cases of cholelithiasis and perhaps 5 per cent as the highest (Table 1), 
it seems that in neither case is the operative risk enough lower than 
the risk of carcinoma to say flatly that cholecystectomy should be 
performed in all cases of stones for that reason alone. It should be 
clearly understood, however, that nothing has been said here concern- 
ing the far greater risk of the nonmalignant complications of gall- 
stones, notably acute cholecystitis and common duct stone with their 
possible serious sequelae and greater operative risk. It is not the pur- 
pose of this report to attempt to evaluate these dangers which have 
been so well emphasized by Cheever.. It seems to us that the result 


of the present study is rather to minimize the danger of carcinoma, 


and thereby to shift more emphasis onto these nonmalignant compli- 


cations, than to detract from the essentially justifiable concept that 


all gallstones are harmful. 


ADDITIONAL STATISTICAL DATA 


In Table V are given, for completeness, further data of interest. The 


incidences of jaundice, palpable masses, and liver enlargement agree 


TABLE V 


84 CASES OF CARCINOMA OF THE GALL BLADDER 
NO. OF CASES 


Sex 
Male 21 
Female ye 
Age 
Range 
Jaundice 
Present 
Absent 
Previous gall-bladder operation 
Mass palpable 
Liver palpable 
Distant metastases 
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well with those in other series. The predominance of the tumor in 
females by a ratio of 3:1 and its consistent failure to metastasize by 


means other than local extension are quite characteristic of the disease. 
SUMMARY AND CONCLUSIONS 


1. Carcinoma of the gall bladder is not a frequent disease in this 
locality, occurring in the present series about one-third as commonly 
as carcinoma of the pancreas. 

2. Although carcinoma of the gall bladder may occasionally develop 
in the absence of gallstones, the great majority of cases are associated 
with gallstones which precede the development of the tumor. 

3. The exact percentage of cases of gallstones that develops carcinoma 
of the gall bladder is impossible to determine accurately, but probably 
lies between 1 and 2.5 per cent. 

4. No clinical criteria have been established to tell which cases of 
gallstones will develop carcinoma of the gall bladder. 

5. Although carcinoma of the gall bladder is practically incurable 


once the diagnosis is established clinically, the risk of carcinoma de- 


veloping in any case of gallstones is so small as not to indicate prophy- 


lactic cholecystectomy for that reason alone, 

6. The decision as to the advisability of cholecystectomy in cases of 
gallstones with few or no symptoms should be governed by a considera- 
tion of the danger of nonmalignant complications rather than by the 


risk of carcinoma of the eall bladder. 
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THE CHOICE OF OPERATIVE METHODS FOR CARCINOMA 
OF THE RECTUM* 


Fred W. RANKIN, M.D., LEXINGTON, Ky. 


enn surgery for cancer of the rectum and rectosigmoid rep- 
resents evolution in a most difficult field of surgery, which, be- 
einning with the cauterizations of earliest antiquity, has culminated 
in the radical excisions of today because of the combined efforts of 
many enterprising surgeons. It may be said that the proposal of 
Morgagni early in the eighteenth century, and the first attempt by 
Faget, in 1739, really mark the initial steps to the modern operations. 
Before this time, all procedures had been modifications of some poste- 
rior type of proctectomy, either a circular amputation or some other 
variation which left an uncontrollable anus. The majority of these 
procedures revolved largely around whether or not the removal of 
the coceyx or a portion of the sacrum and the coceyx was performed. 
Kocher, in 1876 took away the coceyx and a portion of the sacrum, and 
nine vears later Kraske made his epoch-makine presentation before 
the Fourteenth Congress of German Surgeons. This sacral operation 
gained popularity and maintained it for a lone time through modifica- 
tions of the brilhant Continental surgeons of that period. 

It should be noted that all of these earlier operations could be per- 
formed with or without a preliminary colostomy. Allingham and Kelsey 
were the earlier advocates of a preliminary colostomy, and thereby 
contributed hugely to the development of operations for rectal resection. 

Von Volkmann, in 1887, may be said to have envisioned the so-called 
combined abdominoperineal operations, but Czerny, in 1883, uninten- 
tionally performed the first operation of this type. Miles, in 1907 first 
employed the modern one-stage combined abdominoperineal procedure 
which bears his name, an operation which, over the ensuing years, has 
been established firmly as a fundamentally correct operation for rectal 
cancer. The trend in recent vears in the choice of operation for cancer 
of the rectum definitely has been toward this one-stage combined ab- 
dominoperineal maneuver. This is not to say that a surgeon may dis- 
eard all other operations from his armamentarium, for multiple ma- 
neuvers indubitably promote higher operability curves, lower mortal- 
itv rates, and more satisfactory end-results. Nevertheless, it seems 
obvious that more and more surgeons are adopting the radical opera- 

*Presented before the International Cancer Congress, Atlantic City, N. J., Septem- 
ber 13, 1939. 
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tion in one stage in a larger percentage of cases, with a concurrent 
increase in the operability figures, yet without sacrificing mortality 
statistics. 

This trend represents the influence of many factors, but in the main, 
it may be said that four considerations have given it the greatest im- 
petus. They are: (1) acceptance of the fact that the principles of 
radical surgery for cancer elsewhere may reasonably be applied to 
rectal cancers; (2) acceptance of colostomy as a necessary part of any 
curative procedure in the majority of instances; (3) acceptance of a 
longer preliminary preparatory period which insures decompression, 
aids rehabilitation, and brings the patient to operation in a much im- 
proved physical state; and (4) the studious, painstaking work done 
by Gabriel, Dukes and Bussey, and David and Gilchrist, and others, 
which has shown without question that more meticulous and detailed 
search reveals a higher percentage of involved glands in resected spec- 
imens than hitherto was suspected. Formerly acceptance of graded 
operations for cancer of the rectum and rectosigmoid was predicated 
upon the fact that the majority of these patients, when they presented 
themselves for operation, were high-grade risks due to obstruction, 
infection, and devitalization incident to malignancy. To combat the 
concomitant imbalance of physiologic equilibrium, the gradual institu- 
tion of a period of treatment prior to operation has become the rule 
in all surgieal clinics. 

It would be difficult to overestimate the important influence which 
this preliminary decompression and rehabilitation has had upon sur- 
gery of the colon and rectum for malignancy. Today one would no 
more think of operating upon an acute obstruction of the lower gastro- 
intestinal tract, save only to decompress it, than one would of resecting 
a completely obstructed stomach or operating upon a very active hy- 
perthyroidism without preliminary treatment. This has not been true 
save only in recent years, and recognition of the dictum that resection 
in the face of obstruction is a highly hazardous procedure is emphat- 
ically reflected in operative mortality statistics. 

As a matter of fact, most cancers of the left colon and rectosigmoid 
produce obstruction of some variety in the course of their presence. 
A large percentage of malignancies in this locality are first seen by 
the surgeon for relief of symptoms of acute intestinal obstruction. 
Furthermore, it is not always possible to relieve all the obstruction in 
a short period of time by preliminary decompression and it is not at 
all unusual to find at operation telangiectases proximal to the growth 
and large lymphatics in its immediate vicinity, as well as edema in the 
colonic mesentery. Prolongation of the preparatory period and re- 
peated efforts to eliminate the vicious products of obstruction are 
immensely important and, in addition, allow time for rehabilitation, 
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which is likewise useful. The glycogen reserve is built up in the liver, 
the general resistance of the patient is increased, and coincidental 
debilitating diseases are combated. The cardiac output is measured 
and balanced as nearly as possible, and, in general, the five to seven 
days of preparation prior to operation which have now become a routine 
acceptance appear on the credit side. 

Coupled with these measures advances in knowledge of the physi- 
ology of the colon, more accurate understanding of the underlying 
pathology, and more skill in technical details, all have contributed to 
a progressive elevation of resectability curves without prejudice to 
mortality figures. More surgeons have familiarized themselves with 
the details essential to the successful application of more radical pro- 
cedures, and likewise the profession as a whole has developed a more 
optimistic outlook in dealing with cases of cancer of the lower gastro- 
intestinal tract. Moreover, it should be recorded that the great urge 
to save the sphincteri¢ mechanism has been overcome very largely ; 
among surgeons, certainly. This may not be equally true of the gen- 
eral practitioner who first sees the patient, but today, as a result of 
constant discussion of colostomy, it is being more and more recognized 
that, when properly manufactured and taken care of, the artificial 
stoma is not an unbearable companion either from the standpoint of 
professional activity or social contact. Personal idiosynerasies influ- 
ence surgeons to make colostomies in different parts of the abdominal 
wall, and with equally satisfactory results in most cases. This is a 
matter to be decided in each individual case separately, the main point 
being that an artificial stoma must be provided if radical surgery, 
which means extirpation of @land-bearing tissues to the height of the 
mesentery of the sigmoid, is to be employed. 

The choice of operation probably hes between: (1) combined ab- 
dominoperineal or perineoabdominal resection in one or two stages; 
(2) Mummery’s operation of colostomy and posterior resection; and 
(3) local destruction of the growth with or without segmental resec- 
tion, and/or preservation of the sphineter muscle. In 1928, I modified 
Miles’ operation for cancer of the rectum, doing it in two stages by 
dividing the bowel, turning in the lower end and bringing out the 
proximal loop as an inguinal colostomy. Prior to that, Pauchet, of 
Paris, had modified the same operation by dividing the bowel, making 
an inguinal colostomy with the proximal loop, and planting the lower 
loop in the abdominal wound to be used for irrigation. Daniel Fiske 
Jones, of Boston, many years before had described a radical operation 
in two stages which consisted of a loop colostomy, the manufacture 
of a pelvie diaphragm high up, and a subsequent high resection poste- 
riorly. <All of these two-stage operations are useful, unquestionably. 
Their utility depends upon the answers to two questions: first, do they 
increase the scope of operability ; and second, can one operate upon 
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the higher risks and do the radical operation in two stages in many 
instances where the one-stage operation would be too formidable a 
procedure? This appeared to me to be the case in 1931 when I read 
an article before the Southern Surgical Association advocating my 
modification of Miles’ operation. Nevertheless, with increasing experi- 
ence in the use of Miles’ operation, better preliminary preparation, and 
more meticulous technique at operation, it is apparent to me now that 
there are few, if any, cases which come under my observation in which 
it is advantageous to employ these two-stage radical operations. That 
small group of cases upon which one would choose to operate by these 
two-stage methods had probably best be done by utilizing a colostomy 
and subsequent posterior resection. The following table of 195 cases 
operated upon in my private practice during the past five years indi- 
cates that the choice of operation definitely has been toward the one- 
stage procedure, vet without unfavorable influence on either operability 


curves or mortality statistics. 
TABLE I 


CASES DEATHS MORTALITY 


One-stage combined 100 7 (% 
Colostomy and posterior resection 39 ° 7.0% 
Colostomy alone or with exploration 36 6 16.6% 
Exploration alone 10 0 
Two-stage combined 7 0 
Cecostomy (acute obstruction due to cancer) 5: l 
195 17 

Patients 195 

Operations 241 

Resections 146 

Resectability 74.8% 


It will be noted that the operability rate was three out of four cases. 
That one must accept borderline cases to accomplish a resectability 
eurve of this height is obvious, but the test of the sound judgment 
of accepting these cases for resection is reflected in the mortality rate. 
In this group of 100 cases done by the Miles’ combined abdominoperineal 
type of resection in one stage, there were seven deaths, a mortality 
rate of 7 per cent. This is the entire mortality rate and eliminates 
the mortality rate from colostomy alone in the group done by multiple 
maneuvers. In my own series of 39 cases done by Mummery’s type of 
operation, there were three deaths, a mortality of 7.6 per cent, almost 
identical with the other procedure. That this mortality is a little 
higher than routine probably is justified by the fact that for this type 
of operation the more severe risks were accepted on whom it seemed 
it would be unwise to attempt so formidable a procedure as the com- 


bined abdominoperineal resection. 
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The trend in my own service parallels a similar choice of operation 
in that of many of my colleagues, and indicates, I think, that more 
and more surgeons accept this type of procedure as desirable when it 
may be applied with a reasonable death rate. Another encouraging 
and important fact is the changing resectability rate. This rate in 
the hands of all surgeons experienced in rectal surgery during the past 
decade has shown a very steady rise. At St. Mark’s Hospital in 
London, Gabriel recently reported a series of cases for the decade, 
1921 to 1931, with an operability rate of 54 per cent. This was in 
sharp contradistinction to a similar group of cases operated upon dur- 
ing the years 1910 to 1920, in which only 41.6 per cent were found to 
be operable. In my service the operability rate has risen 25 per cent 
during the last nine years. Between 1925 and 1930 it steadily stayed 
around 50 per cent; whereas, the series of cases shown in Table | 
operated upon between 1934 and 1939 shows an operability rate of 
nearly 75 per cent. This experience of surgeons both on the Continent 
and in America seems uniform and may be taken as a satisfactory 
dividend paid in a laudable attempt to apply radical surgery to cancer 
of the rectum while keeping the mortality rate within reasonable limits. 

Unquestionably, there are many cases where the colostomy and 
posterior resection operation of Mummery is the procedure of choice, 
a choice justified by end-results and mortality figures. Other opera- 
tive procedures aimed at preservation of the rectal sphincter elicit 
little enthusiasm on my part for I am confident that they fail in the 
vast majority of cases to stand the test of compiled statistical data 
over a period of time. Local destruction by diathermy or radium or 
posterior excision with posterior colostomy must be reserved for very 
special cases selected by a most accurate type of individualization. In 
the hands of experienced operators the choice of operation most often, 
I think, will he between Miles’ operation in one stage, or the very 
similar perineoabdominal resection in one stage, and Mummery’s 
colostomy and posterior resection. 

The Combined Operation.—The radical combined abdominoperineal 
operation may be done either as a single-stage procedure, or as a 
eraded maneuver. One must begin above, making an exploration and 
continuing the procedure from above downward; or one may make 
an exploration, as Gabriel and some other surgeons of recent years 
have advocated, close the incision, turn the patient over and make a 
pelvie dissection up to the peritoneum from below. The reason for 
favoring this tvpe of procedure is that there is a reduction of shock 
if the dissection of the pelvis is made first, although it must be ad- 
mitted that the abdomen has to be opened twice and there is consider- 
able handling of the patient and moving him around on the operating 
table, which calls for a great deal of accurate teamwork, not always 
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available. Certainly, it seems reasonable that no radical operation 
should be carried out without an exploration of the liver and the ab- 
dominal eavity, but, other things being equal and hepatic metastasis 
not found, the choice of the operator indicates whether or not the 
procedure shall be carried out from above or below primarily. Certainly, 
for growths of the upper rectum and ampulla, one has one’s choice, 
but for those on the peritoneal side of the rectosigmoid juncture, dis- 
section from above downward seems most desirable. There is small 
difference save only in technique in the radicalness of the two types 
of procedure, and both are desirable. The personal equation will 
decide for most operators which method to pursue. 

The advantages of the combined operation done in one stage are: 
(1) it conforms to the principles of radical extirpation of cancer else- 
where, removing the local growth and tissues in the zones of spread; 
2) it permits of variations and modifications to be done in either one 
or two stages; (3) it may be accomplished either as an abdomino- 
perineal or as a perineoabdominal operation; (4) with increasing ex- 
perience on the part of the surgeon, the operability curve may be 
broadened and at the same time the hospital mortality remain below 
10 per cent; (5) five-vear end results from the clinies of the most ex- 
perienced advocates of the radical combined procedures indicate a 
higher percentage of five-year cures than for the other types of opera- 
tion; (6) only one laparotomy is required, so that time and expense 
are saved for the patient; (7) the blood supply to the growth may be 
ligated before the pelvic dissection is undertaken; (8) the procedure 
is applicable to all ampullary and rectosigmoidal cancers; and (9) the 
mortality differs very slightly from that of perineal excision when 
operability curves are taken into consideration. 

While the ultimate objective of every surgeon dealing with cancer 
of the rectum is to perform an operation which will be curative, at 
the same time one should not lose sight of the fact that there are con- 
ditions where surgical procedures offer great palliation, despite the 
fact that metastases deny the individual a chance of living a long 
period of time. Obstruction with its profound toxemia and anemia 
calls for by-passing of the fecal current in many instances. [| disagree 
with the views expressed by many surgeons that colostomy should be 
avoided up to the point of acute intestinal obstruction. Indeed, | 
think that many times a colostomy long before acute obstruction 
supervenes is a most helpful and desirable measure to relieve the in- 
dividual of the discomfort, nausea, ete., which accompanies the pro- 
found toxicity of an advanced malignancy. Frequently, by-passing 
the fecal current relieves the local condition of a great deal of infec- 
tion and occasionally inoperable growths, fixed and immovable be- 
cause of inflammation, recede to a point where a resection is deemed 
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advisable. In this same connection it might be noted that palliative 
resection likewise is justifiable and often advantageous if it can be 
done with a mortality not too prohibitive. For the average case, how- 
ever, where one may look forward to doing the most radical procedure 
compatible with a reasonable mortality, the selection will, I believe, 
in the future more often fall on the combined abdominoperineal re- 
section than any other procedure. Nevertheless, it is scarcely to be 
expected that so formidable a procedure as the combined resection of 
the rectum in either one or more stages will ever become routine and 
safe in the hands of the casual operator, but in this day of specializa- 
tion when more and more general surgeons have mastered its tech- 
nique and buttressed their experience with meticulous preoperative 
preparation and postoperative care, it may be said with considerable 
emphasis that the trend toward this operation has been definitely ad- 
vantageous and its applicability distinctly broadened. 

This does not mean, of course, that the ultimate in technical per- 
fection has been arrived at in dealing with cancer of the reetum. 
Certainly, for the surgeon of the future, possibilities of improvement 
in all fields of surgery remain, and of none is this more true than in 
surgery of the gastrointestinal tract. Many unsolved problems offer 
fascinating fields for future research in dealing with growths in this 
location, but it may be truly said of the present status of surgery for 
this ailment that enormous progress has been achieved in the past 
two decades and that end results following application of radical 
maneuvers are consonant with those reported for cancer elsewhere. 








ACUTE NONMALIGNANT PERFORATIONS OF THE COLON 


J. Koucky, M.D., anp WituiAm C. Beck, M.D., 
CricaGo, IL. 
(From the Department of Surgery, University of Illinois, and the Surgical Service 
of the Cook County Hospital) 
ERFORATIONS of the colon from other than malignant lesions in- 
to the free peritoneal cavity are fortunately rare in occurrence. 
Nevertheless, they do happen with sufficient frequency to make their 
diagnosis important. Isolated cases of perforations of diverticula and 
perforations by foreign bodies appear in the literature, but most of 
the texts on surgery, as well as the monographs on emergency surgery. 
refer to the nontraumatic perforations in passing. Many of the larger 


series have been reported from the pathologic laboratories. 
ETIOLOGY 


The acute perforations of the colon may occur from an intraluminal 
source or from external violence. In this discussion we intend to dis- 
euss only the former variety. The most common source of such per- 
forations is from one of the complications of diverticulitis, foreign 
bodies, or from the acute elevation of intracoloni¢ pressure by enemas 
or the occasional ‘‘compressed air-hose injury.’’ Perforation may oc- 
cur as a complication of the more severe cases of chronic ulcerative 
colitis, as well as in the ulcerative stage of tuberculous enterocolitis. 

Acute perforation as a complication of colonic diverticula is not in- 
cluded in many of the large series reported. This is probably true 
because such reports emanate from the large clinies which receive their 
material from great distances, and therefore do not have the opportu- 
nity of seeing as many acute surgical catastrophes as are seen in a 
large general hospital. In all probability perforation occurs only in 
the inflamed diverticulum, as a rupture of an intramural abscess, or 
as the rupture of a peridiverticular abscess. This would not hold true, 
of course, when one of the other etiologic factors, such as acute eleva- 
tion of intracolonie pressure, is active in a patient who has colonic 
diverticula. This happened with surprising frequency in our series, 
two of the cases being of this type. It may be that the diverticulum 
is the least resistant point to elevations of intracolonic pressure. 

Foreign bodies perforating the colon either may be ingested or may 
be introduced by the anal route. Into this group one may place one 


of our cases in which a perforation of the rectosigmoid followed a 
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proctoscopic examination. It is rather interesting that the ingested 
foreign bodies do not necessarily perforate the bowel for considerable 
lengths of time. In one of the reported cases"! a soldier was struck 
in the mouth by a gun butt. <A partial plate of artificial teeth which 
he had in his mouth was swallowed. No symptoms resulted for eighteen 
vears. At this time he suffered an acute attack of abdominal pain 
which simulated a perforated appendix. At operation a perforation 
of the cecum was discovered. Partially protruding through the per- 
foration was the missing denture. In one of our cases the perforation 
of the rectosigmoidal diverticulum by a piece of lobster claw followed 
two weeks after its ingestion. In this same patient, in a diverticulum 
adjacent to the perforated one, was an imbedded, encysted nail, which 
the patient remembered having swallowed some ten years before (Fig. 1). 


i 





Fig. 1.—Reveals tremendous pneumoperitoneum with free air under the right leaf of 
the diaphragm in a case of perforated sigmoid diverticulum. 
Perforations by raising intraluminal pressure have been reported 
following high colonic flushes and compressed air introduced through 
the anus.® 1° 1%. 14,16 Simple enemas, however, may also produce per- 
forations, as is evidenced by one of the cases in this series. 
Buie, Bargen, and Rankin‘ state that in their series of 647 cases 
of chronic ulcerative colitis perforation occurred in 22, or 3.4 per cent. 
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This complication was seen only in the more severe and extensive cases. 
Perforation may also be an uncommon complication of colonic tuber- 
culosis. In these cases the perforation may occur as an acute fulminat- 
ing process or may be a slow and chronic process, proceeding much 
as a duodenal ulcer. Fenwick and Dodwell® think perforation of the 
intestine is as Common in intestinal tuberculosis as in typhoid fever. 


SYMPTOMS 


The symptoms of acute perforation of the colon vary to a large ex- 
tent with the etiology. These cases may be divided into two groups: 
those in which the etiologic disease has given evidence of its presence 
by a train of symptoms before the onset of the acute stage or compli- 
‘ation, and the group in which the abdominal catastrophe is the first 
evidence of the disease. In the former group belong most of the 
complications of diverticular abscess, chronic ulcerative colitis, and 
tuberculous enterocolitis. In a few patients no history of previous 
disease will be obtainable. In the cases of perforation by foreign body 
and retrograde colonic distention, a history may or may not be obtain- 
able. Often the patient will not recollect having swallowed the foreign 
body, or even more often the examiner will fail to ask the patient 
about such an act. 

The onset of the perforation is usually evidenced by an acute, agoniz- 
ing pain. It may or may not be accompanied by vomiting. Constipa- 
tion or diarrhea was noted with about equal frequency in the accom- 
panying series. 

The signs of the disease are usually those of a perforative peritonitis 
or, in occasional cases, of acute intestinal obstruction. The patient is 
usually in acute pain. The pain is more or less constant, severe, and 
knifelike in intensity. Depending on the site of the perforation, it is 
usually most severe in the true or false pelvis. The patient les rigidly 
in bed, resisting examination. The abdomen is at first seaphoid, but 
rapidly distends. Tenderness is diffuse over the abdomen, but may 
be greatest at the site of the perforation. Rebound tenderness is 
marked, as is muscular defense. The abdomen is usually silent, but 
in two of the reported cases tinkling peristalsis was heard at points 
distant from the site of the perforation. Liver dullness may be re- 
duced if the distention is marked, or it may be entirely absent if there 
is much free air in the peritoneal cavity. <A shifting air bubble over 
the liver may occasionally be found on percussion. Signs of intra- 
peritoneal fluid in the form of a fluid wave or shifting dullness were 
not noted in these cases, nor did rectal, digital examination reveal 
localization of the tenderness. 

The temperature is usually slightly elevated, although there is not 
a significant febrile reaction at first. The pulse rate is usually elevated 
beyond the expected reaction as compared with the fever. There is, 
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In most of the cases, a moderate leucocytosis of the polymorphonuclear 
type. It is extremely important to examine all of these cases with the 
fluoroscope, as In most acute abdominal disease. Considerable intes- 
tinal distention will be discernible, especially that of the colonic type. 
Free air under the diaphragm was observed in only two of the eases 
(Fig. 1). If barium is given by enema through an error in diagnosis, 
it may be seen to leak out of the bowel through the perforation (Fig. 
2), or in some cases it will meet an impassable spasm. Less commonly 
we have observed it to pass on through the colon without givine any 


evidence of abnormality. 





Fig. 2.—Reveals free air below the diaphragm with the patient lying on his left side. 
This is in a case of perforated sigmoid diverticulum. 


DIAGNOSIS 


The diagnosis of colonic perforations is very difficult, primarily be- 
cause of their rarity and the frequency with which other forms of 
perforative peritonitis are seen. When the diagnosis is made, it is 
usually done by obtaining a significant history, either of the preceding 
disease or of the precipitating factor. Occasionally the physical ex- 
amination will reveal the etiologic factor as in cases where a foreign 
body is palpable in the rectum. In other cases the roentgen examina- 
tion may be significant, as in one of our eases in which a foreign 
hody was visible in the sigmoid area, even though the object observed 
did not produce the perforation. Barium enema, which, of course, 
should not be administered if a colonic perforation is suspeeted, may 
establish the diagnosis. 
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Difficulties in the differential diagnosis arise especially from per- 
forated peptic ulcer, particularly that type in which the gastric juices 
pour into the pelvis by the route of the right paracolic gutter, forme 
fruste perforations of the stomach, acute pancreatitis, perforative ap- 
pendicitis, perforating Meckel’s diverticulitis, mesenteric thrombosis, 
volvulus, strangulated internal hernia, pneumonitis at the pulmonary 
base, and coronary thrombosis. In perforations of the colon persistent 
vomiting may be a prominent feature, one which is rare in gastro- 
duodenal perforations. In the latter the gastric gas bubble is usually 
not visible on fluoroscopy, while in the former it is normally present. 
Perforative appendicitis is rarely as fulminating as perforative colitis, 
and the history is usually that of diffuse pain localizing some hours 
later, then again becoming diffuse. Almost all of these lesions, with 
the exception of coronary thrombosis and pneumonia, present indica- 
tions for laparotomy. When the abdomen is open and an exploration 
reveals a perforated colon, a second incision is made and treatment 
instituted. 

TREATMENT 

It is difficult to state what the most advantageous treatment is when 
the results are so uniformly bad. It can be said that, if there are evi- 
dences that the process is localizing, as with a palpable mass, the therapy 
should be conservative and expectant, awaiting the formation of an 
abscess. This, unfortunately, is rarely the case, so that active inter- 
vention in a poor risk patient must usually be instituted. If, at opera- 
tion, a foreign body is protruding from the colonic perforation, it 
must be removed. If possible the perforation should be closed, or the 
perforated segment exteriorized. Closure of the perforation is often 
difficult, if not impossible, because of the edema and engorgement of 
the surrounding tissues. Manipulation tends to increase peritonitis. 
Rankin, Bargen, and Buie* advise the resection of the perforated 
diverticulum and closure of the bowel if this is possible, with a colostomy 
above the point of the perforation. Probably the best treatment is the 
performance of a colostomy proximal to the perforation and with 
drainage of the site of perforation. This should prevent further leak- 
age. The extravasated feces should be aspirated and in some instances 
may be gently irrigated with sterile saline solution which is immedi- 
ately removed by suction. The abdominal wall should always be drained. 


CASE REPORTS 


CASE 1.—White male, 67 years of age, entered Cook County Hospital ecomplain- 
ing of constipation for ten days. This was associated with vomiting for the last 
two days. During the entire ten days of his illness, he had had some pain in the 
lower abdomen which was not well localized. This pain was constant and mod- 
erately severe, with occasional sharp exacerbations. He had noticed a slow, 
progressive enlargement of the abdomen during this time. During the ten days 
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there had been a complete anorexia with a definite distaste for food in the last 
three days. Vomiting in the last two days was preceded by nausea and was small 
in amount. The past history was negative, with exception of typhoid fever thirty 
vears previously. He had been a carpenter until recent years when he was 
itinerant, living on a ‘‘handout’’ diet. 

Physical examination revealed an acutely ill white man, with pinched face, dry 
mouth, and seemingly in pain. The temperature was 100.6° rectally; pulse rate, 
120; and respirations, 26. The blood pressure was 130/100. The heart and lungs 
were normal. The abdomen was quite distended, with tympany extending well 
into the flanks and obliterating the normal liver dullness. There was marked 


tenderness in the lower abdomen as well as rebound tenderness. No peristaltic 





ig. 3.—Shows barium scattered throughout the pelvis, and on the outside of the 
distended loops of intestine. This is the film of Case 4 of proctoscopie perforation of 
the rectum. 


sounds were heard in the lower abdomen, but rare tinkling sounds were audible 
in the upper abdomen. Rectal examination was essentially negative, except for 
rather marked anal spasm and bilateral tenderness. There was no stool on the 
examining finger. Urinalysis showed a trace of albumin. The leucocyte count 
was 14,500. The clinical impression was that the patient had a large bowel 
obstruction, probably due to a malignant stricture with a fecal obturation. Fluoro- 
scopic examination was advised. 

The roentgen examination was carried out by Dr. Max Mass. There appeared 
to be a large bowel distention of considerable degree. No paralleling of the 
intestinal loops was observed, but there were many large bowel levels. <A pe- 


culiar opacity was observed in the area of the sigmoid, about 14% inches long and 
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with the general appearance of a nail. This could be freely moved by palpation. 
A thin barium enema was administered, and this ran freely to the level of the 
opacity, but would go no further. About one pint of fluid filled the lower seg- 
ment. There did not appear to be any intraperitoneal leakage. No free air was 
observed in the peritoneal cavity. Upon further questioning, the patient re- 
membered swallowing a nail about twenty years before. A diagnosis of a large 
bowel obstruction, probably due to a carcinoma of the rectosigmoid, possibly 
formed around the foreign body, was made. It was deemed advisable to decom- 
press the bowel by a cecostomy. 

The patient was, therefore, prepared with intravenous fluids, and a Levine 
catheter was introduced. Under spinal anesthesia a typical McBurney incision 
was made. Upon opening the peritoneum, foul-smelling free fluid escaped, with 
bits of stool floating in it. The incision was, therefore, closed and a left rectus 
incision made. Through this incision the rectosigmoid could be observed. <A 
definite perforation, about 0.5 em. in diameter, was visualized in an area of highly 
inflamed bowel just above the peritoneal reflection. Through this perforation 
a foreign body protruded. The body was removed (Fig. 4), and the rent was 
closed with 3 Lembert sutures. A cigarette drain was placed to the suture site, 


and another into the pouch of Douglas, and the abdomen closed. 


[METRIC iy ae a 4] 
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Fig. 4.—Piece of lobster claw which had perforated a diverticulum of the sigmoid in 
Case 1. 


Upon examination, the foreign body did not appear to be a nail, but rather 
had the appearance of a lobster claw. Upon requestioning the patient he re- 
membered swallowing a lobster claw ten days before the onset of his illness. 

The postoperative course of the patient was that of a generalized fecal 
peritonitis with high fever and an intractable inflammatory ileus. The patient 
expired on the fourth postoperative day in spite of supportive treatment. 
Necropsy revealed a generalized peritonitis, with a terminal bronchopneumonia. 
The perforation was situated in a diverticulum at the rectosigmoid and was 
closed. Immediately adjacent to this diverticulum was a second diverticulum, in 
which a nail was found, imbedded in fibrous tissue but not perforating the bowel 
wall. Several other diverticula were observed, inflamed by contiguity rather than 


the seat of a diverticulitis. 


Summary.—This is a case of a foreign body perforating a diverticu- 
lum, with an adjacent foreign body encysted in a diverticulum. 


CASE 2.—A white female, aged 29 vears, entered the Cook County Hospital 
complaining of severe pain in the lower left quadrant of the abdomen of eight 
hours’ duration. The onset of the pain was sudden and was constant in its 


location. The patient was nauseated and had vomited twice. There was no sig- 
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nificant previous history. Anorexia was pronounced. The patient had not had 
a bowel movement since the onset of the pain, which was constant and severe, 
not radiating. 

Physical examination revealed a young woman acutely ill and in severe pain. 
Marked tenderness was present in the lower left quadrant with marked rigidity. 
Rebound tenderness was marked, but there was no abdominal distention. Peris- 
talsic sounds were absent. Obturator and psoas signs were negative. Vaginal 
examination revealed a normal uterus, with considerable pain on motion of the 
uterus, but no adnexal tumor was palpable. Rectal examination was essentially 
negative. Vaginal and urethral smears did not reveal any gram-negative diplo- 
cocci. The rectal temperature was 101.4°; pulse, 110; respiration, 20. The urine 
was entirely normal. The leucocyte count was 17,000. 

The patient was seen by Dr. Peter Rosi, who decided upon an emergency 
exploratory laparotomy. A left rectus incision was made. Free fluid was found 
in the peritoneal cavity. The uterus and adnexa were normal. The rectosigmoid 
was explored and an indurated area found. Upon visualization of this area, a 
foreign body was observed, protruding through a greatly inflamed area of the 
bowel. This appeared to be a toothpick. It was removed. It was not deemed 
necessary to suture the bowel. The abdomen was closed in layers without drain- 
age. The postoperative course was uneventful, and the patient left the hospital 
in eleven days without complications. 


CASE 35.—A white male, 42 years of age, entered the Cook County Hospital, com- 
plaining of severe abdominal pain of twelve hours’ duration. The pain had started 
in the lower abdomen without any definite localization. The onset of the pain was 
sudden and excruciatingly severe. He vomited twice, each vomitus being frothy 
fluid. He had had no defecation since the onset of the illness. On the day preceding 
he had had a normal evacuation. Urination had been normal since the onset. The 
past history was entirely negative. There was no previous history of a peptic 
ulcer, nor any suggestive symptoms, such as heartburn, ete. 

Physical examination revealed an acutely ill man, lying quietly in bed. Head, 
neck, heart, and lungs appeared normal. The abdomen was flat, the legs drawn 
up. The abdomen was generally tender with boardlike rigidity. Rebound tender- 
ness was marked. On auscultation no peristaltic sounds were audible. Rectal 
examination was not significant, but showed a general tenderness. The leucocyte 
count was 21,000. 

Fluoroscopic examination did not reveal a pneumoperitoneum. The colon ap- 
peared moderately distended and there were a few loops of small intestine show- 
ing fluid levels. Because of the colonie distention, a barium enema was admin- 
istered. The barium ran freely through the sigmoid colon and up the descend- 
ing portion. No more was administered as it was thought that any left colonic 
lesion could be ruled out. 

Under a diagnosis of perforated peptic ulcer, a laparotomy was advised. A 
right paramedian incision was made under ether anesthesia. Upon opening the 
peritoneum, there was no escape of free gas. Instead there was a turbid free 
fluid. The stomach and duodenum were explored and no ulcer was found. There 
were no areas of fat necrosis and the gall bladder and pancreas were normal to 
palpation. The peritoneal free fluid contained flakes of fibrin and a small amount 
of fecal matter. On palpation a mass could be felt in the sigmoid portion of the 
colon. The transverse colon was then exposed and a transverse colostomy per- 
formed. Postoperatively, a blood transfusion was given. Fluids were admin- 
istered, but the patient succumbed to the peritonitis two days following opera- 
tion. At autopsy a perforated diverticulum of the sigmoid colon was found with 
a generalized fecal peritonitis. 
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CASE 4.—A male patient, 64 years of age, entered the Cook County Hospital with 
the complaint of loss of appetite over the last four months, loss of fifteen pounds of 
weight, epigastric distress, and recurrence of hemorrhoids operated upon five 
years previously. The history was otherwise essentially negative. Physical 
examination revealed an emaciated white male, not acutely ill, with a lemon- 
yellow tint to the skin. In the rest of the physical examination there was found 
tenderness in the epigastrium and a suggestion of fullness in the region of the 
cecum. The rectal examination revealed definite hemorrhoidal masses, but no 
tumor. 

With exception of a slight secondary anemia, the blood picture was within 
limits of normal. The Wassermann and Kahn reactions were normal, but the 
urea nitrogen was elevated to 20.5 mg. per 100 ¢.c. of blood. The gastrie con 


° 


tents showed no free acid and only 6° of combined acid. Roentgen examinations 
of the esophagus, stomach, and duodenum were entirely negative. On further 
observation, however, there appeared to be a filling defect in the region of the 
sigmoid flexure, and barium enema was advised. A gastroscopic examination 
was performed by Dr. Rudolf Schindler, who found a thickening and nodulation 
of the gastric mucosa and one longitudinal ulceration. These findings he be- 
lieved were compatible with a hypertrophic gastritis, or a lymphosarcoma of the 
stomach. Repeated stool examinations revealed occult but no gross blood. 
Proctoscopic examination was carried out in the usual manner and without any 
discomfort. On the evening of this day the patient appeared somewhat listless, 
but not uncomfortable. Castor oil was administered. The pulse and temperature 
were not significantly altered from the previous course. The night was unevent- 
ful and on the following morning the patient went to the x-ray department. <A 
barium enema was administered and after only a few hundred cubic centimeters 
of the barium entered, it was noted that it appeared on the outside of the bowel 
rather than in the lumen. It was then noted that there was a large pneumo- 
peritoneum. Films were taken and the patient returned to the ward. The patient 
now complained of severe diffuse abdominal pain, which was constant and chiefly 
located in the rectum and lower abdomen. The skin was cold and clammy; the 
pulse, rapid and weak. The abdomen was distended, diffusely tender but there 
was no muscular defense. Bowel sounds were entirely absent. Surgical con- 
sultation was obtained, and the surgeon deemed the patient in too severe a state 
of shock to stand an operation at that time. Intravenous fluids were admin- 
istered, but in spite of supportive treatment the patient expired seven hours later. 


Comment.—The time of the perforation in this case is difficult to 
estimate and the mechanism is not too clear. Most probably the bowel 
was injured during the proctoscopie examination, and the pressure of 
the enema completed the perforation. 


CASE 5.—A white female, aged 47 years, was admitted to the Cook County 
Hospital with the complaint of severe abdominal pain over a period of four hours. 
She stated that, with the exception of an operation for a gynecologic condition 
and habitual constipation, she had always been perfectly well. On the afternoon 
of the day of admission she had taken an enema, and, while this was running 
into the rectum, she suddenly experienced an excruciating pain in the lower left 
quadrant of the abdomen. The enema tip was immediately withdrawn, and a 
small part of the enema expelled. The pain continued unabated until admission 
to the hospital. On physical examination the patient appeared acutely ill, with a 
temperature of 99.8°; pulse, 120; and respirations, 26. The blood pressure was 
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100/60. Head, neck, and thoracic contents were normal. The abdomen was 
flat and boardlike in rigidity. There was marked generalized tenderness and 
rebound tenderness. Rectal and vaginal examinations revealed only tenderness. 
Peristaltic sounds were absent. The leucocyte count was 14,600. No roentgen 
study was done. 

Under a diagnosis of rupture of the sigmoid, an operation was performed 
by Dr. P. Shapiro. He found a diverticulum of the upper sigmoid with a definite 
perforation. The perforation was comparatively simple to close; the abdomen was 
aspirated and then closed without drainage. The patient expired on the fifth 


postoperative day with the postoperative course of a diffuse peritonitis. 


CASE 6.—A white male patient, 45 years of age, was admitted to the Cook County 
Hospital with a complaint of pain in the pelvis radiating to the paraumbilical region 
for eighteen hours, intermittent in character. He had received four tap-water 
enemas with but little return. They had, however, in no way affected the pain. 
For the last ten hours the pain had been continuous in the middle of the lower 
abdomen. The patient had found slight relief in assuming a knee-chest position. 
There had been no nausea or vomiting. The past history was essentially negative, 
except that the patient had been under treatment for a peptic ulcer some five years 
previously. The physical examination was entirely negative except for that of the 
abdomen. Generalized tenderness, more severe in the lower abdomen, especially in 
the left lower quadrant, was observed. There was moderate voluntary rigidity. 
The abdomen was slightly distended and tympanitic. No organs or masses were 
palpated. Rebound tenderness was moderate. Murphy punch, Rovsing, and 
obturator signs were negative. Peristaltic sounds were markedly diminished. 
Rectal examination was entirely negative. The urine was normal, chemically 
and microscopically. The leucocyte count was 8,600. The temperature was 
101.8° rectally; pulse, 70; and respirations, 24. The blood pressure was 140/70. 

Fluoroscopic examination revealed a normal chest. There was no free air 
observed in the peritoneal cavity. A large gas bubble was present in the stomach 
and a similar bubble in the cecum and ascending colon. No gas pattern was ob- 
served in the small intestine. These findings were, therefore, indeterminate. 
Under a diagnosis of sigmoid diverticulitis, the patient was given conservative 
treatment with intravenous fluids, Wangensteen suction, ete. Improvement was 
rapid and all of the patient’s symptoms disappeared in three days. The patient 
was discharged for ambulatory study. 

Two days later the patient was readmitted, complaining of severe abdominal 


, 


pain of eight hours’ duration, very similar to that of the previous admission. 
This time, however, the pain was accompanied by nausea and vomiting. The pain 
became increasingly severe, and there was a return of the fever. The temperature 
at this time was 100.8°; pulse, 120; and respiration, 26. The physical examination 
was the same as on the previous admission, except that there was a suggestion of 
a mass in the midline of the lower abdomen. Some few hours after admission 
it appeared that the tenderness was as great, if not greater in the right than in 
the left lower quadrants. It, therefore, appeared very likely that this patient had 
a forming appendical abscess. Peristaltic sounds were good at this time. 

On the third day of this admission the temperature suddenly rose. The pa- 
tient’s abdomen became exquisitely tender. Within a few hours all peristaltic 
sounds ceased and the abdomen gradually became distended. The patient vomited 
so Wangensteen drainage was instituted. Low enemas were without result. Two 
blood transfusions were administered. A diagnosis of paralytie ileus, probably 
from a rupture of an appendical abscess, was made. After thirty-six hours the 


patient expired. 
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Necropsy revealed that this patient had multiple diverticula throughout the 
colon. In the sigmoid area there was a 0.5 em. perforation of a diverticulum, 
which appeared to be grossly inflamed. There was a generalized feculent perito- 
nitis. 

SUMMARY 

These cases indicate that acute perforations of the colon occur often 
enough to warrant consideration of this possibility in all obscure cases 
of peritonitis, especially in adult males. Previous diagnosis of colon 
diverticula or a history of mild attacks of peritoneal irritation with 
or without colon cramps often points to the correct diagnosis. In the 
early cases the peritonitis can be observed to start about the descend- 
ing colon; in the late cases the findings are those of diffuse peritonitis 
and any clue as to the origin must be sought in the history of the 
onset. This may be as sudden as that of a perforated peptic ulcer. 
When the onset is accompanied by obstructive symptoms, appendicitis 
is usually suspected. The longer duration of the obstructive symptoms 
and their persistence after considerable peritonitis is established should 
lead one to consider possibilities other than appendicitis. Routine 
laboratory tests are of little value; x-ray studies, in showing the pres- 
ence or absence of foreign bodies and pneumoperitoneum and the de- 
gree and points of questional distention, are often worth while. The 
use of a barium enema at times seems rational; yet, when colon per- 
foration is present, it is obviously contraindicated. On more than one 
occasion we have observed its spill into the peritoneal cavity. 

Treatment is determined by the accuracy and detail of diagnosis. 
The subacute perforation and the acute perforation with limited leak- 
age and localizing peritonitis are best treated conservatively, operative 
interference being reserved for control of obstruction and drainage of 
abscesses. Attempts at closure would seem to be justified in acute 
perforations without evidence of localization, such as postproctoseopic 
and those due to foreign bodies; even in these instances exteriorization 
of the damaged segment is often wise. Perforations due to disease do 
not permit accurate closure, because of the marked inflammatory reac- 
tion about the opening. In these, some type of exteriorization is indi- 
cated unless mesenteric shortening and adhesions are such that much 
manipulation is necessary. Drainage to the damaged segment, with 
or without colostomy above, may then be the method of choice. Co- 
lostomy, performed without exploration or any handling of the per- 
forated segment, has resulted in recovery and is probably the proce- 
dure of choice, particularly if one is unable to close the perforation. 
Unfortunately, inaccurate diagnosis often leads to exploration and fur- 
ther peritoneal contamination, which turns a desperate situation into 
one utterly hopeless. 


We wish to express our thanks to Dr. Peter Rosi and Dr. Philip Shapiro for the 
use of the reports of their cases. 
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THE TREATMENT OF POSTOPERATIVE ABDOMINAL 
DISTENTION WITH PROSTIGMIN 
EVERETT J. GorpoN, M.D., New York, N. Y. 


en )MINAL distention in the surgical patient may be defined as the 
clinical manifestation of intestinal atony of such a degree that the 
volume and the pressure of the accumulated intestinal contents produce 
visible distention of the abdominal wall. Intestinal atony (not synony- 
mous with abdominal distention) undoubtedly occurs in all patients fol- 
lowing operation, particularly abdominal operations, and may be caused 
by one or any combination of the following factors: (a) trauma of opera- 
tion, (b) debilitation due to the disorder requiring operation, and (c) 
metabolic alterations incidental to surgical anesthesia. In a substantial 
percentage of surgical eases the intestinal atony is not sufficiently marked 
to give rise to abdominal distention. However, the absence of distention 
does not necessarily indicate normal intestinal tone and peristalsis but 
more probably that the intestinal atony is not severe enough to result in 
distention. The premise that intestinal atony develops in practically all 
surgical patients finds support in the fact that urmary bladder atony, 
which is of identical origin (parasympathetic depression) and caused by 
identical factors, is an anticipated event, hence the routine order for 
catheterization p.r.n. postoperatively. 

Postoperative abdominal distention is one of the most perplexing prob- 
lems of the postoperative period. The voluminous literature on its man- 
agement alone is adequate comment on the dissatisfaction with the ef- 
fectiveness of the measures commonly employed for the relief or control 
of this disorder. The incidence of distention, also discussed at length in a 
voluminous literature, is not well agreed upon. 

In view of these circumstances, the case records, selected at random, 
of 131 surgical patients who had been treated by the usual measures for 
controlling intestinal and bladder atony, hence postoperative distention 
and urinary retention, were reviewed and analyzed. In these cases, al- 
though the therapy included all methods of treatment described in the 
literature, such as enemas, insertion of a rectal tube, duodenal siphonage 
of gas through a nasal catheter, and the administration of analgesies and 
autonomic drugs, the incidence of distention was found to be surprisingly 
high. 

Since intestinal atony, the basis of postoperative distention, is due to 
parasympathetic depression, a cholinergic drug seems the rational 
remedy for postoperative abdominal distention. Physostigmine (eserine ) 
would appear a likely remedy. However, therapeutie doses, i.e., suf- 
ficient to increase the tonicity and contractility of the gut musculature, 
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at the same time cause dyspnea, miosis, bradyeardia, and lowered blood 
pressure. All of these effects are manifestations of an equal stimulation 
throughout the entire parasympathetie division of the autonomie nervous 
system. Moreover, doses of physostigmine sufficient to stimulate the 
parasympathetic terminations also act as decided irritants of the spinal 
cord and the brain (ascending stimulation), bringing about strychnine- 
like convulsions. Although an efficient stimulant of the intestinal mus- 
culature, the simultaneous induction of the other and unwanted effects 
forees dismissal of physostigmine as a practicable remedy for intestinal 
atony. 

Aeschlimann and Reinert, following an investigation of synthetic 
physostigmine-like compounds, reported that the dimethylearbonie ester 
of 3-hydroxyphenyl-trimethyl-ammonium-methylsulfate exerted a pro- 
nounced stimulating influence on the intestinal musculature without af- 
fecting other tissues or organs innervated by the parasympathetic system 
nearly so markedly. Since their report in 1931, a number of investiga- 
tors have confirmed these findings. The drug has been used elinieally 
for several years for controlling disorders due to parasympathetic de- 
pression and more recently for treating myasthenia gravis and is mar- 
keted under the name of prostigmin. 

The chief use of prostigmin has been in the field of surgery for the 
correction of intestinal atony with abdominal distention. The prophy- 
lactie use of prostigmin, i.e., before the onset of abdominal distention, 
was first reported by Beek in 1932. He administered 1 ¢.c. doses of the 
1 :2,000 solution by subeutaneous injection, which is also the strength and 
dose employed in the corrective treatment of established distention. 
Within the past few vears, however, 1 ¢.c. doses of a 1:4,000 solution of 
prostigmin have been advocated for prophylactic or preventive treat- 
ment, reserving the stronger solution (1:2,000) for corrective treatment. 
More frequent administration of the drug over a period of time (a more 
suitable schedule for prophylactic treatment) is possible with the 1 :4,000 
solution and at the same time the total amount of the drug administered 
is not increased. 

Uznanski was one of the first to report on the use of prostigmin prophy- 
lactic (the 1:4,000 solution) and his report was soon followed by that of 
Hendler and a number of other investigators. Harger and Wilkey de- 
parted from the customary technique of medication in the prophylactic 
treatment and recommended that treatment be started immediately at 
the conclusion of operation and not preoperatively. They reported very 
satisfactory results from the employment of this method. 

Review of the literature and survey and analysis of 131 ease reeords 
had demonstrated that the incidence of postoperative distention is sur- 
prisingly high and that the measures commonly employed achieved far 
from satisfactory results. The neurogenesis of intestinal atony, the first 
event in the chain of phenomena leading to abdominal distention and 
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the basis of the disorder, indicated that a parasympathetic stimulant or 
cholinergic drug was the rational remedy. According to published data, 
prostigmin, in pharmacologic and clinical studies, had the requisite 
properties: virtually selective parasympathetic stimulation, i.e., marked 
stimulation of the parasympathetic terminations in the abdominal cavity 
and much less influence on the other parasympathetic terminations. 

The clinical value of prostigmin prophylactic was therefore investi- 
gated in ninety-eight cases. The prophylactic schedule reported by 
others was tried first, but it was found that the administration of the 
drug at four-hour or longer intervals failed to obtain the desired results 
and eventually doses were administered at two-hour intervals. In 
evaluating the drug, the disorder necessitating operation, the type of 
anesthetic, the general condition of the patient, the operative procedure, 
and postoperative narcotic medication, all were taken into consideration. 

On the basis of the operation, the patients* could be divided into four 
groups: (1) appendectomies, (2) cholecystectomies, (3) laparotomies 
for gynecologic disorders, and (4) herniorrhaphies. The same group- 
ing was applicable in the 131 cases whose records were previously 
analyzed. These cases were therefore used as controls, i.e., cases in which 
prostigmin was not used. The cases treated with prostigmin prophy- 
lactie were further divided into two subgroups: Patients treated with 
prostigmin at four-, six-, and eight-hour or longer intervals, and patients 
treated with prostigmin at two-hour intervals. In the latter subgroup 
the first dose was usually given immediately at the conclusion of opera- 
tion while the patient was still in surgery, otherwise as soon as he had 
been returned to his bed. 

The objective appraisal of abdominal distention is difficult. The de- 
vice of using the xiphoid cartilage as a landmark because of its fixed 
position and ready accessibility (hence, minimal disturbance of the pa- 
tient) was finally resorted to, and the degree of distention appraised by 
the relation of the surface of the elevated abdomen to the eartilage. 
With due regard to the fallacies which creep into a system of numerical 
recording based on personal appraisal, the degrees of distention were 
given the following values: 0, no distention; 1, mild distention ; 2, mod- 
erate distention ; 3, extreme distention. In each case the degree of dis- 
tention on each day was given a single point value, i.e., 0 to 3, and re- 
corded during the period of the first six postoperative days. 

For ease in comparison, the data obtained from study of the treated 
and control cases undergoing the four types of operations were charted. 
The ineidence of distention on a percentage basis in each of the four 
types of operations is indicated in Fig. 1. Only the control and pros- 
tigmin-treated patients developing distention were considered in pre- 
paring Fig. 2. The amount of distention which actually occurred dur- 


*The majority of the patients comprising the study series were from the surgical 
wards of the Emergency Hospital, Washington, D. C.; a few were private patients 
of Dr. Edward A. Cafritz whose constant help and advice made this study possible. 
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ing the first six postoperative days is shown in Fig. 2, as well as the 
percentage it constitutes of the maximum possible distention (extreme 
or degree 3 distention each of the first six postoperative days). Fig. 3 
also pertains to only the distended eases, control or prostigmin-treated, 
and shows the distribution of the distended cases according to the degree 
or the severity of the distention, in each operative group and in the 
total number (all types of operations). The shaded area represents the 
volume of actual distention in all cases developing this disorder com- 
pared to the maximum distention possible (represented by the entire 
area, shaded and unshaded) in these same cases. 
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Fig. 1.—Incidence of distention. 
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Fig. 2.—Severity of distention. 


These charts show that abdominal distention is a common postopera- 
tive complication in cases not receiving prostigmin and, moreover, that 
the distention which develops is much more pronounced than in the 
prostigmin-treated cases. Although the injection of 1 ¢.c. of prostigmin 
prophylactie at intervals of four, six, and eight hours or longer reduced 
the incidence of distention compared to that in the control eases, the 
reduction was not as great as desired. It was believed that further re- 
duction could be obtained by adjusting the dosage, and, by the trial- 
and-error method, the most effective treatment was found to be the in- 
jection of 1 ¢.e. of prostigmin prophylactic every two hours until a total 
of six doses had been given. The first dose must be injected immedi- 
ately at the conclusion of operation or as soon as the patient has been 
returned to his bed. The use of prostigmin in this fashion maintains 
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normal intestinal tone and peristalsis during the postoperative period 
and reduces the incidence of postoperative abdominal distention to a 
negligible minimum. 

It was also observed that the need for catheterization was materially 
reduced in the treated patients. In view of the pharmacodynamie qual- 
ities of prostigmin and the identical neurogenesis of intestinal atony and 
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urinary bladder atony, this result could be anticipated. The effect of 
prostigmin in urinary bladder atony will be the subject of a separate 
report ; however, it may be mentioned that catheterization was required 
in 15 of 81 appendectomies in which prostigmin was not used; whereas 
it was necessary in only 4 of 47 appendectomies in which prostigmin 
was used. 

The use of morphine and other opiates pre- and postoperatively in 
both control and prostigmin-treated cases apparently had no effect on 
the incidence or severity of the distention. In almost every ease mor- 
phine sulfate, 14 to 4% gr., was administered preoperatively and _ fol- 
lowed by one or two such doses postoperatively. Inhalation anesthesia 
(avertin, ether, ethylene, ete.), spinal anesthesia, or local anesthesia 
were also found to have no definite bearing on the incidence or severity 
of distention. 

In general the incidence of abdominal distention was higher in women 
than in men, and higher in negroes than in Caucasians. The incidence 
of postoperative distention and bladder atony was highest in negresses. 
The incidence and severity of abdominal distention and urinary bladder 
atony are directly proportional to the amount of visceral manipulation 
occurring during the operation. 

The contraindications to the use of prostigmin are determined by the 
answer to the question whether maintenance or stimulation of intestinal 
tone and peristalsis will or will not extend and aggravate the surgical 
disorder and its complications. For example, stimulation of intestinal 
tonicity and peristalsis is certainly contraindicated in intestinal obstrue- 
tion until the obstruction has been corrected. The use of prostigmin 
in instanees of localized inflammatory lesions anywhere along the gastro- 
intestinal tract should be deferred until the aeute stage of the inflam- 
mation has been passed. In generalized peritonitis the extent and the 
virulence of the infection must determine whether maintenance of in- 
testinal tone will spread the infection or whether maintenance of nor- 
mal intestinal function will improve the tissue vitality and the resist- 
ance to spread of the infection. 

The benefits derived from the use of prostigmin are not confined to a 
reduction in the incidence and the severity of abdominal distention. 
Maintenanee of normal or approximately normal intestinal funetion 
also benefits the patient through increased rest and freedom from pain. 
The likelihood of wound infection may also be decreased because of 
lessened tension on the sutures. Finally, catheterization with its risk 
of urinary tract infection is less frequently necessary. 

Without doubt, there is a connection between surgical shock and post- 
operative intestinal atony eventuating in abdominal distention. This 
connection is suggested by the important role of the sympathetic divi- 
sion of the autonomie system which has been discussed at length in the 
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literature pertaining to surgical shock. Reed, in his recent report on 
surgical shock, states: 

‘*In 1933, Norman Freeman, Am. J. Physiol., 1933, 108: 185, called 
attention to the pain factor in the production of shock, and with his 
experiments proved that when the nerves from the traumatized areas 
were severed, the shock was greatly reduced. He further showed that 
the sympatheticoadrenal system was quickly affected in shock, causing 
vasoconstriction of all vessels in the body except those of the heart and 
skeletal muscles. 

‘In 1925, Cannon and Britton, Ergebn. d. Physiol., 1925, 72: 285, 
demonstrated the fact that animals manifesting sham rage secreted an 
abnormal amount of adrenalin into their own blood streams and devel- 
oped the clinical shock syndrome, reducing the amount of blood in thi 
eurrent circulation with falling blood pressure, and at the same time 
producing constriction of the cutaneous and splanchnie blood vessels, 
with dilatation of those in the skeletal muscles. 

‘Freeman further demonstrated that the continuous injection of 
adrenalin into animals over a period of two hours lowered the blood 
volume as much as 27 per cent and produced the shock syndrome.’’ 

In the light of these views, the nervous mechanism in both surgical 
shock and postoperative abdominal distention is somewhat the same: 
namely, an autonomic imbalance with a shift in the control of the vege- 
tative processes toward the sympathetic side. In abdominal distention 
this is brought about by parasympathetic depression and in surgical 
shock by sympathetic stimulation. In both disorders, however, an 
autonomic imbalance with a preponderance toward heightened sympa- 
thetic activity is the basic derangement. 

Preventive treatment of postoperative abdominal distention, there- 
fore, may also be preventive treatment of surgical shock. The use of 
the cholinergic drug, prostigmin, obviously retards the development of 
an autonomie imbalance and parasympathetic stimulation effectively 
counterbalances excessive sympathetic activity. 

Although all surgieal patients do not develop abdominal distention, 
the routine employment of a preventive or prophylactie for this dis- 
order is justified until or unless the means are discovered by which the 
patients that will develop postoperative distention ean be differentiated 
in advance of operation from those that will not. Operations necessitat- 
ing considerable disturbances of the viscera are inevitably followed by 
some degree of distention. Prostigmin will do no harm in eases not 
actually requiring such medication and is decidedly beneficial in those 
cases that would become distended without its help. 

Optimum results can be obtained without administering prostigmin 
preoperatively. The postoperative administration of a prophylactic 
course of prostigmin injections not only reduces the number of hypo- 
cermic injections, hence annoyance of and expense to the patient, but 


ate ache, 


vend n 


Pckantk aia 











Se ee 





GORDON: POSTOPERATIVE ABDOMINAL DISTENTION 693 


obtains optimum results as well. Injections of prostigmin prophylactic 
at four- to six-hour or longer intervals, even though continued over a 
period of three to four days, are inadequate treatment. For optimum 
results the injections should be given at two-hour intervals for six doses. 

If abdominal distention should develop after the prophylactic injec- 
tions, it can be readily controlled by the immediate administration of 
1 c.c. of prostigmin regular, 1:2,000 solution, repeated two to three times 
at one- to two-hour intervals. Fifteen minutes after the first injection, 
the patient should be given a small glycerine enema; a small rectal tube 
should be inserted fifteen minutes after each sueceeding injection. Kew 
eases fail to respond to this treatment, provided it is instituted at the 
first sign of distention. 

In reviewing the clinical records, it was noted that in cases in whieh 
prostigmin was not used maximum distention occurred on the third 
postoperative day. This circumstance suggests that prevention of post- 
operative distention may best be obtained by administering the prophy- 


lactie course of injections on the second postoperative day. 
SUMMARY 


The incidence of postoperative distention in two series of surgical 
cases was investigated and the results in one series obtained from the 
use of a cholinergie drug for controlling the disorder compared with the 
results obtained from other methods employed in the other series. One 
series of 131 patients served as controls, the other series of 98 received 
prostigmin prophylactic, the 1:4,000 solution. Both series we:e divided 
into four groups according to the type of operation: 128 appendectomies, 
18 choleeystectomies, 49 gynecologic laparotomies, and 34 hernior- 
rhaphies. The prostigmin-treated series was further divided into two 
subgroups: (a) 44 patients who received 1 ¢.¢. injections of the drug 
postoperatively at four-, six-, and eight-hour or longer intervals over a 
period of three days, and (b) 54 patients who were given 1 ¢.e. injee- 
tions of prostigmin prophylactic at two-hour intervals until six doses 
had been administered, starting immediately at the conelusion of 
operation. 

Of the 128 appendectomies, 81 were control cases, and distention de- 
veloped in 57, or 70.4 per cent; in 21 prostigmin was injected post- 
operatively at intervals of four hours or more (Sehedule A) and disten- 
tion developed in 12, or 57.2 per cent; in 26 prostigmin was injected 


» 


postoperatively at two-hour intervals for six doses (Schedule B) and 
distention appeared in 4, or 15.4 per cent. Of the 18 cholecystectomies, 
10 were control cases and distention developed in 10, or 100 per cent ; 
in 5 prostigmin was administered according to Schedule A and disten- 
tion appeared in 38, or 60 per cent; in 3 prostigmin was administered 
according to Schedule B and distention did not develop in any ease. Of 


the 49 gynecologic laparotomies, 20 were control cases and distention 
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appeared in 14, or 70 per cent; in 14 prostigmin was administered ac- 
cording to Schedule A and distention appeared in 10, or 71.5 per cent; 
in 15 prostigmin was administered according to Schedule B and disten- 
tion developed in 5, or 33.3 per cent. Of the 34 herniorrhaphies, 20 were 
control cases and distention developed in 14, or 70 per cent; in 4 prostig- 
min was administered according to Schedule A and distention developed 
in 3, or 75 per cent; in 10 prostigmin was administered according to 
Schedule B and distention did not develop in any ease. 

In the control series (all four types of surgical patients), 72.5 per 
cent (95 or 131 eases) developed distention. In the prostigmin-treated 
series, of the group receiving the drug at intervals of four hours or 
more, 63.6 per cent (28 of 44 cases) developed distention ; of the group 
receiving prostigmin at two-hour intervals for a total of six doses, 16.7 
per cent (9 of 54 cases) developed distention. 


CONCLUSIONS 


1. More or less marked postoperative abdominal distention develops 
in the majority of surgical patients. 

2. Intestinal atony, the basis of postoperative abdominal distention, 
is caused by depression of the parasympathetic division of the autonomic 
nervous system. 

3. Trauma during operation, debilitation caused by the disorder neces- 
sitating operation, and the alteration in the metabolic processes inci- 
dental to surgical anesthesia are important factors in depression of the 
parasympathetie svstem. 

4. Failure to obtain satisfactory relief or control of postoperative 
abdominal distention with the measures commonly employed is prob- 
ably due to the fact that they have no effect on the parasympathetic 
system. 

5. Prostigmin, a parasympathetic stimulant or cholinergic drug, was 
selected for the treatment of postoperative abdominal distention because 
in the dosage required it effectively stimulates the parasympathetic 
terminations in the abdominal eavity and has little or no influence upon 
the parasympathetic terminations elsewhere in the body of elinical im- 
portanee in the problem of abdominal distention. 

6. Sinee there is no means of differentiating the surgical cases in 
which abdominal distention will develop from those in which it will not, 
the prophylactic or preventive use of a cholinergic drug is justifiable and 
preferable to its corrective use; 1.e., withholding the drug until abdom- 
inal distention becomes manifest. Patients who would not require the 
use of a cholinergic drug are not harmed by prophylactic treatment 
with prostigmin and postoperative abdominal distention is more easily 
prevented than treated. 

7. The incidence and severity of postoperative abdominal distention 
was reduced in eases in which 1 ¢.c. of prostigmin methylsulfate 1 :4,000 
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solution (prostigmin prophylactic) was injected subcutaneously at inter- 
vals of four, six, and eight hours or more over a period of the first three 
postoperative days. 

8. Adjustment in the dosage schedule for the prophylactic use of 
prostigmin markedly reduced the incidence and severity of postopera- 
tive abdominal distention, compared to these same factors in the control 
cases and in the cases receiving prostigmin prophylactic at intervals of 
four, six, and eight hours or more. 

9. The most effective technique for the use of prostigmin prophylactic 
was found to be the subcutaneous injection of 1 ¢.e. of the 1:4,000 solu- 
tion at two-hour intervals until a total of six doses have been given. 

10. The use of prostigmin prophylactic, 1:4,000 solution, is indicated 
in all surgical cases except those in which there is intestinal obstruction 
or an extensive and virulent infection of the peritoneal cavity. 
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EFFECT OF COLCHICINE ON HUMAN CARCINOMA 


Linpon Seep, M.D., D. P. Suaucutrer, M.D., ann L. R. Limarzr, M.D., 
CHICAGO, ELL. 


(From the Department of Surgery, University of Illinois College of Medicine) 


NVESTIGATIONS of the effect of colchicine as a mitotie poison began 

with the observation of Amoroso,' who noted that in patients who had 
gout and carcinoma and were treated with colehicine and irradiation 
simultaneously the tumors regressed more rapidly than usual. After 
this observation, Ludford? found that colchicine added to tissue cultures 
in dilutions of 1:500,000 to 1:100,000,000 caused an inerease in the num- 
ber of mitotie figures, which resulted primarily from accumulation of 
arrested mitosis rather than from stimulation of mitosis. He found that 
in vivo the most extensive accumulations of mitosis occurred in the erypts 
of the small intestine and in rapidly growing tumors. Such aceumula- 
tions were also numerous in bone marrow, lymphoid tissue, and hair 
follicles. He observed that with small doses mitotie recovery was rapid ; 
with larger doses the arrest of mitosis persisted longer; and, if the next 
injection was made before all the cells arrested in mitosis had been able 
to complete division, the action was cumulative, cell destruction fol- 
lowed, and, if the action was prolonged, the animal died. His explana- 
tion of the effect is as follows: *‘One of the chief causes of this type of 
abnormality would appear to be the alteration in the colloidal state of 
the chromosomes so that the split halves of each chromosome stick to- 
gether when they would normally separate. This may result in a con- 
siderable increase in the time required for separation of the split halves 
of the chromosomes. Some split chromosomes fail to separate altogether 
and do not become incorporated in either of the daughter nuclei but form 
minute accessory nuclei. Others pass undivided into one or other 
nucleus and result in abnormal chromosome numbers.’’? The last phe- 
nomenon has been applied to the hybridization of plants and is used to 
produce new plants of abnormal chromosome numbers.* 

Lits, Kirschbaum, and Strone* have reviewed the literature coneern- 
ing the effect of colchicine on animal tumors. They found temporary 
inhibition of a lymphoid tumor in a mouse. A few investigators have 
obtained beneficial effects and even cures in eases of animal tumors; 
others have found little, if any, benefit. Oughterson and his co-workers® 
reported that, of fifteen patients with carcinoma to whom colchicine was 
given, eleven showed definite arrest of mitosis in metaphase as compared 
to control biopsies. 

If colchicine stops division of cells in metaphase, such an effect would 
appear to be useful in the treatment of malignancies by irradiation. 
If irradiation is more destructive to dividing cells, and if the division 
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of cells could be even temporarily stopped by colchicine poisoning, the 


effect of the radiation might be increased. Ludford? has shown that the 
more rapidly growing cells are more susceptible to colchicine poisoning. 
On this basis we decided to try the combined effect of irradiation and 
eolehicine on human earcinoma. We did not have much information 
coneerning the effeet of the drug alone on human earcinoma; therefore, 
we planned first to determine its effect by administration in toxie doses 
to patients with inoperable carcinoma. We obtained some surprising 


results, which are the subject of this paper. 





Fig. 1.—(Case 1.) Photomicrograph showing section of adenomedullary carcinoma of 
the breast before treatment. 


REPORT OF CASES 


CASE 1.—L. W., a 57-year-old white woman, was admitted to the hospital on 
Feb. 2, 1939, with a diagnosis of inoperable ulcerating adenocarcinoma of the right 
breast with axillary metastases. In February, 1938, she noticed a lump about the 
In about four months it had grown and 
At the same time 


size of a hazelnut in the right breast. 
ulcerated through the skin for an area about 4 em. in diameter. 
a lump appeared in the axilla. The mass in the breast and that in the axilla 
continued to grow, and with the increase in growth she developed increasing pain 


over the shoulder, down the arm, and into the fingers. In January, 1939, the 
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entire arm began to swell. She lost only 8 4/5 pounds (4 kg.) in weight, and 
her general condition remained good, 

On admission, the right breast contained a large carcinomatous mass 9 em. in 
depth. This was continuous with a large mass of fused metastatic glands in- 
volving the entire axilla and subpectoral region. The whole mass was firmly fixed 
to the chest wall, as well as to the skin. Because of the size of the axillary mass, 
the arm could not be adducted to the side, and because of its fixation could not 
be abducted beyond the horizontal level. Laterally and above the nipple was a 
typical fungating carcinomatous ulcer measuring 3 by 7 cm. The nipple was not 
visible, being buried in the mass. The nipple area was surrounded by a narrow 
weeping ulcerating surface. A roentgenogram of the chest revealed no pulmonary 


metastases, 





Fig. 2.—(Case 1.) Biopsy section from a contiguous area after injection of a total 
of 7 mg. of colchicine in four days, showing destruction of all tissue elements, with 
cytolysis and pyknosis of nuclei, and degeneration of the stroma as well as the tumor 
cells. 


On Feb. 3, 1939, a biopsy showed an adenomedullary carcinoma of the breast 
(Fig. 1). On Feb. 6, 1 mg. of colchicine was given intramuscularly (1 ¢.c. of a 
solution containing 1 mg. per cubic centimeter). This and all following injections 
were given intramuscularly, into either the deltoid or gluteal muscles. No injec- 
tions were given into or near the tumor. All injections produced moderate pain 
at the time of injection, followed by soreness lasting twenty-four hours. 

On Feb. 7, 2 mg. of colchicine was given. There was no ill effect except that 


the pain in the region of the shoulder was increased. 












Satara ol eit birt daa. 
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On Feb. 9, 4 mg. of colchicine was given. A biopsy specimen taken from an 
area contiguous to the first showed marked destruction of all tissue elements, with 
cytolysis and pyknosis of nuclei (Fig. 2). The stroma showed necrosis, with dis- 
appearance of cell structure. The reaction was purely degenerative, without evi- 


dence of inflammatory reaction or attempt at repair. 





‘ Fig. 3.—(Case 1.) Biopsy section after injection of a total of 21 mg. of colchicine 
in eleven days, showing further degeneration. The tumor cells show bizarre atypical 
forms. There is beginning round-cell infiltration into the remaining reticular struc- 
ture, 


On Feb. 10, 7 mg. of colchicine was given. Twelve hours after this dose, the 
temperature rose to 101° F. and the pulse rate to 120. The patient was nauseated, 
and vomited several times. Vomiting continued during the night, and in the morn- 
ing 1,000 ¢.c. of 10 per cent dextrose solution was given intravenously. On Feb. 
12, she was still ill; the temperature was 100.8° F. Another 1,000 c¢.c. of dextrose 
solution was given intravenously. The next day she was still nauseated and vomited 
occasionally. On Feb. 14, the leucocyte count was 4,000 per cubic millimeter. 

On February 15, 7 mg. of colchicine was given. The leucocyte count was 1,200 
later in the day. The next day the patient was nauseated and took nothing by 
mouth. There was marked prostration. She was given 3,000 ¢c.c. of fluids intra- 
venously and 500 ¢.e. of citrated blood. The leucocyte count was 1,100. 

On Feb. 17, it seemed that the large uleerating area had increased in size and 
exuded a more watery discharge in greater quantity. The surface had changed 
from bright red to dull gray. Another biopsy specimen was taken, which 
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showed the degenerative process carried still further, with hyalinization and 4 

absorption of the stroma and also of the tumor cells (Fig. 3). The nuclei of the 

tumor cells were bizarre and atypical. There was beginning small round-cell in- i 

filtration into the remaining reticular structure. An occasional mitotic figure in 

metaphase could be seen. 
; 
: 
/ 
i 
(3 
4 
\ 
i 
j 

Fiz. 4.—(Case 1.) Appearance of breast tumor seventeen days after beginning of 
treatment, during which time 21 mg. of colchicine was administered. Sloughing of a 
part of the tumor as a gangrenous mass occurred. The tumor has become reduced in 
size, although there is still a large mass in the axilla. Note the skin metastases ; 
these ultimately disappeared, leaving only a pigmented area in the skin. With re- 
currence each pigmented area again formed a hard nodular mass, 

On Feb. 21, 300 roentgen units were given over the breast, with a 15 by 20 em. 4 
portal, 200 kv., and a half-value layer of 0.75 mm. copper. The leucocyte count 3 
was 8,500. 

On Feb. 23, the large ulcerating area was definitely necrotic for 5 by 6 em. 

(Fig. 4). There was a sharp line of demarcation between the sloughing area and * 
the surrounding mass. Later this area was removed en masse, leaving a crater 4 
4 em. deep. 1 

ote : : , : ’ | 

On Feb. 24, 350 roentgen units were given to the right supraclavicular region, | 
with a 10 by 10 em. portal. j 

: 
4 
{ 
4 
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On Feb. 26, the hair on the scalp suddenly began to fall out in large handfuls, 
and in four days the patient was almost completely bald. The tumor in the breast 
and that in the axilla began to shrink with rather startling rapidity. The pain 
in the region of the carcinoma, which had required daily use of codeine for relief, 


disappeared. 


ye 





Fpl 





Fig. 5.—(Case 1.) Appearance forty-two days after beginning of treatment. The 
crater following sloughing of the tumor has begun to epithelialize. The skin metastases, 
formerly small hard lumps, now appear only as smooth discolored areas. The axillary 
mass is much smaller, 

On Feb. 28, 2 mg. of colchicine was given. 

By March 8, the entire mass had shrunk to about one-third its original size. Both 
the breast tumor and the axillary mass were now movable. The arm could be 
abducted easily. 

On March 10, 2 mg. of colchicine was again given. On March 20, the primary 
tumor and the mass in the axilla were much smaller (Fig. 5). 

On March 27, 4 mg. of colchicine was given. In the past two weeks there had 
been little change in the size of the tumor. The ulecerating area was contracting; 
the epithelium was growing in from all sides until it was now about one-half its 
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original size. The ulcerating area about the nipple was healed over, and the 
nipple began to protrude. After this injection, the remnant of the mass in the 
axilla, which had shrunk to about 3 em. in diameter, became a little larger and 
moderately painful. 

On March 31, 2 mg. of colchicine was given. 

On April 5, the tumor, seemed to be increasing in size, so the patient was given 
daily injections of 1 mg. of colchicine for the next six days. 

By April 25, the tumor in the breast was growing rapidly; the mass in the 
axilla recurred as rapidly as it had disappeared. In addition, a mass of metastatic 
glands appeared above the right clavicle. The epithelium which had grown over 
the ulcerated area began to break down. A moderate amount of pain was present. 
By May 15, the carcinoma was increasing in size at a much accelerated rate. <A 
full head of hair had begun to regrow. 

Table I gives a résumé of the blood picture. There was marked leucopenia, 
with a shift to the left. The anemia was much more profound than the blood 
count would indicate, for it was taken after a blood transfusion had been given 


and recovery had begun. 


TABLE J 
BLoop PICTURE IN COLCHICINE POISONING 
CASE V. W. 
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CASE 2.—D. C., a woman, 65 years of age, first noticed a ‘‘lump’’ in the right 
breast in April, 1938. This tumor was subcutaneous and slightly superior to the 
nipple. It grew progressively larger, broke through the skin during the summer 
of 1938 and involved the nipple, becoming a large fungating mass. On admission 
to the hospital, this mass was a raised plaquelike area about 1 cm. above the skin 
level, measuring 7.5 by 8 em. The entire breast was firm, indurated, and fixed 
to the underlying pectoralis muscle. The whole mass with the muscle, however, 
was freely movable on the chest wall. A few axillary glands were palpable but 


not fixed. 
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Colchicine was administered by deep intramuscular injections in the following 
dosages: 2 mg. on Feb. 24, 1939; 4 mg. on Feb. 26; and 6 mg. on Feb. 27. 
After the last injection the patient became nauseated and developed diarrhea, 
severe prostration, and, later, vomiting. The temperature rose to 101.5° F. 

On Feb. 28, the leucocyte count, which had been 10,600 per cubie milli- 
meter, dropped to 6,800. The differential count was as follows: polymorphonuclear 
neutrophiles, 27 per cent; stab forms, 50 per cent; lymphocytes, 19 per cent; 
monocytes, 1 per cent; eosinophiles, 3 per cent. 

Another leucocyte count, on March 1, was 1,950 and showed marked leucopenia 
and a shift to the left, with the appearance of metamyelocytes in the blood stream. 


Oo7 


The differential count showed polymorphonuclear neutrophiles, 27 per cent; stab 
forms, 40 per cent; lymphocytes, 23 per cent; monocytes, 1 per cent; metamyelo- 
cytes, 8 per cent; eosinophiles, 1 per cent. 

On March 2, marked prostration was present. The blood pressure was 84/51. 
Intravenous fluids and blood transfusion were given. There was marked increase 
in the bleeding time, as shown by prolonged bleeding from intravenous needle 
wounds. In one instance bleeding continued from a needle puncture for one and 
one-half hours. The patient died, apparently from severe prostration, with a 
temperature of 103° F., three days after the last injection and after a total of 
only 12 mg. of the drug had been given in seventy-two hours. 

As the autopsy findings in this case and in Case 3, in which death occurred 
during treatment, will be presented in detail elsewhere, only the pertinent findings 
will be mentioned here. 

Histologically, the tumor of the right breast presented the typical features of 
a scirrhous duct carcinoma, in which the tumor cells frequently showed degenerative 
changes, especially prominent in the nuclei. Mitotie figures were not infrequent, 
but none had progressed beyond the metaphase. The stroma was edematous and 
showed hyaline degeneration. There was definite degeneration as compared to 
the original biopsy specimen. Clumps of tumor cells were found in the lungs. 
There was nuclear degeneration in all the parenchymatous organs, more especially in 
the liver; hyaline degeneration of skeletal muscles; increased mitosis, with evi- 
dence of degeneration in the form of chromatin fragmentation; myelin degeneration 
of the peripheral nerves; and hypoplasia of the bone marrow. 


Case 3.—R. B., a 44-year-old negro, had a history of rectal pain, altered bowel 
habit, and bloody stools for the previous six months. Although he had lost 40 
pounds (18 kg.) in weight, he was still in good physical condition. There was a 
hard, fixed carcinomatous tumor in the rectum, beginning at the mucocutaneous 
border and almost completely encircling the bowel. Biopsy revealed a gelatinous 
adenocarcinoma. 

Colchicine was given intramuscularly as follows: 2 mg. on Feb. 238, 1939; 
4 mg. on Feb. 24; 6 mg. on Feb. 25; 8 mg. on Feb. 26; and 8 mg. on Feb. 27. 

The patient was unaffected until Feb. 25, when he complained of increased pain in 
the rectum, accompanied by rather severe diarrhea. On Feb. 27, the temperature 
rose to 100.5° F. and continued intermittently elevated throughout the course. On 
Feb, 28, the patient felt tired and weak; the radial pulse was barely palpable, and 
he was obviously very ill. Intravenous fluids and supportive treatment were given, 
but he continued to be weak. On March 2, he was unable to get out of bed, and 
on March 4 developed signs of bronchopneumonia. A roentgenogram of the chest 
showed evidence of bilateral bronchopneumonia. The offending organism was type 
7 pneumococecus. Oxygen was administered nasally and 100,000 units of type 7 anti- 
pneumococeus serum were given. The patient became progressively worse, and 
expired on March 7, with a high temperature and in a violent delirium. As in 
Case 2, profound leucopenia, with a shift to the left, developed, from which partial 


recovery had occurred at the time of death (Table IT). 
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Autopsy revealed bilateral confluent bronchopneumonia. The carcinomatous proe- 
ess was confined to the rectum. The histologic appearance of the tumor was that 
of a colloid carcinoma in which large tumor cells were scattered irregularly through 
accumulations of mucinous material. Mitotic figures were rare. Little change 
was noted in the histologic appearance as compared to the original biopsy. The 
lungs showed bronchopneumoniec areas in which the exudate was composed prin- 
cipally of polymorphonuclear leucocytes. There were hemorrhage and a diffuse 
infiltration of polymorphonuclear leucocytes into the tissues about the tumor. There 
were several hemorrhagic ulcers of the cecum measuring up to 1.5 cm. in diameter. 
The cellular changes throughout the body were the same as for Case 1 except that 
the bone marrow showed a diffuse myeloid reaction. 





Fig. 7.—(Case 4.) 3iopsy section fifty-eight hours after treatment was begun, a 
total of 10 mg. having been administered during that period. The numerous cells with 
dark-staining, irregular nuclei and a clear cytoplasm are so-called colchicine figures. 
There is definite degeneration. Many mitotic figures are present, most of them being 
in metaphase. 

CASE 4.—A. W., a 54-year-old white man, entered the Research and Educational 
Hospital on Feb, 25, 1938. He had been well until one year previously, when 
he first noticed a swelling of the left side of the neck, which gradually became 
larger and later painful. In August, 1937, he entered the Cook County Hospital, 


where he received extensive high voltage roentgen therapy. The tumor regressed, 


but recurred, and further roentgen treatment was ineffectual. 
On admission to the Research and Educational Hospital, he had a large globular 
mass occupying the greater part of the neck, extending from just below the ear 
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to 4 em. above the clavicle. It was tender and firmly fixed to the underlying 
tissues. The results of physical examination were otherwise negative except for 
marked emaciation. A roentgenogram of the chest revealed a round, smooth mass 
in the right thorax, presenting in the lower lung field and evidently coming from 
the lower posterior mediastinum, just above the diaphragm. 
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Fig. 8.—(Case 4.) Temperature record and dosage of colchicine. One cubic centi- 
meter of the solution equals 1 mg. of colchicine. The temperature rose after the 
second dose. Subsequent elevations of temperature seemed to be correlated with the 
administration of the drug, although some of the fever was undoubtedly due to the 
extensive sloughing wound. 


A biopsy specimen taken before treatment with colchicine was begun (Feb, 26, 
1939) showed a very anaplastic carcinoma composed of undifferentiated epithelial 
cells (Fig. 6). On the third day of treatment, after 10 mg. had been administered, 
a biopsy specimen showed marked changes (Fig. 7). There were innumerable 
mitotic figures throughout all fields, most of them being in metaphase. There was 
vacuolation and evidence of degeneration of the carcinoma cells. The patient 
became ill after this total dose of 10 mg., so treatment was temporarily suspended. 
Later (March 4) a biopsy showed the tumor cells in a recovery stage with few 
mitoses. The cells, however, were hyalinized and degenerated and contained poorly 
staining or pyknotic nuclei. 

Fig. 8 gives the dosage of colchicine with the temperature record. Some eleva- 


tion of temperature occurred with all our patients in this and other series when- 
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ever toxic doses were administered. In this patient some of the elevation in tem- 
perature was due to the sloughing of the tumor, but some must have been due 
to the colchicine itself, for, as can be seen, it corresponded rather closely to the 
doses administered. The leucocyte count during this period varied from 12,500 


to 5,350 cells per cubic millimeter. There was no polymorphonuclear leucopenia. 





Fig. 9.—(Case 4.) Sloughing process four weeks after beginning of treatment with 
colchicine. 


Additional observations were as follows: On March 4, the skin over the tumor, 
formerly pink, was cyanotic. On March 12, the tumor was more movable. On 
March 21, the surface was becoming necrotic, and on March 24, a definite slough 
appeared (Fig. 9). On March 27, necrosis was progressing rapidly. The tumor 
was débrided. It was found to consist of a cheesy mass of necrotic tissue without 
blood supply and without sensation. Almost the entire tumor could be seooped 
out easily, and the dissection was stopped only out of respect for the large vessels 
deep in the neck. The sloughing process continued and left only a thin rim of 
live tumor at the periphery. The patient was ill and had a fever during this 
period. 

On April 12, the center of the tumor continued to slough out (Fig. 10). How- 
ever, the periphery began to extend with rather startling rapidity, From this 
point on the course was downhill, the ‘tumor growing at what seemed to be an 
increased rate. 

On April 30, the patient died of cachexia, The leucocyte count during the last 
period remained above 20,000. Autopsy did not reveal the microscopie changes of 
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acute colchicine poisoning. The tumor in the chest, which had arisen in the pos- 
terior mediastinum, consisted of a cystic mass with relatively thin carcinomatous 
walls, and a necrotic, liquefied center. We are of the opinion that liquefaction 
of this mass was probably due to the degenerative effect of the colchicine. 

In this case the colchicine undoubtedly had a profound effect on the carcinoma, 
at first producing massive necrosis and later distinct stimulation of the malignant 


process. 





Fig. 10.—(Case 4.) Extensive central sloughing and growing periphery six weeks 
after beginning of treatment. 


COMMENT 


In Case 1 colchicine given in toxie doses produced a profound redue- 
tion in the size of the carcinoma, this effect being followed by an equally 
profound inerease in size. In Case 4 a much less toxie dose caused the 
death en masse of all but the rim of a large carcinoma, this effect being 
followed by stimulation of growth at the periphery. Thus there was 
first a definite inhibition, followed by a definite stimulation. This con- 
tradictory effect is apparently a characteristic of all carcinogenic agents. 
Haddow and Robinson® have investigated a large series of carcinogenic 
agents and found without exception that all have likewise an inhibitory 
effect. Haddow’ has suggested that careinogeni¢ agents operate by pro- 
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ducing interference with certain normal functions of the cell, particu- 
larly growth, in such a way as to induce variation in the characters at- 
fected. He also stated that there is a certain degree of parallelism be- 
tween this growth-inhibiting power and tumor-producing capacity shown 
by radioactive agents and the carcinogenic hydrocarbons. We do not 
know definitely that colchicine is a carcinogenic agent, but we assume 
that it is and that its effect is similar to that of the proved eareino- 
genie drugs. 

From the clinical findings in colchicine poisoning, such as the result- 
ing aplastic anemia and the loss of sealp hair, and from the autopsy 
findings of mitotic disturbance in practically all growing cells, it is clear 
that the drug is a powerful general mitotic poison. Although the rap- 
idly growing cancer cells are more susceptible to the poison, the con- 
comitant general toxic effect is much too great to expect any curative 
effect. If such a mitotie poison were taken up more or less specifically 
by the cancer cells, benefit might be derived, a hypothesis not beyond 
the realm of possibility. 


SUMMARY 


Colchicine was given in toxie doses to four patients with advanced 
carcinoma. Two of these died of colchicine poisoning, which was ae- 
companied by fever and by severe agranulocytie leucopenia, anemia, and 
a tendency to bleed, evidence of suppression of all the blood-forming 
elements. In the other two patients there was histologic evidence of 
degeneration in the tumors within a few days and gross evidence of 
sloughing and absorption within a few weeks. In both patients the 
tumors, after the primary regression, began to grow at an accelerated rate. 
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CYSTOMETRIC TIMING OF CATHETER REMOVAL FROM A 
NEUROGENIC BLADDER 


M. Muscuat, M.D., PHILADELPHIA, Pa. 


(From the Mount Sinai Hospital and the University of Pennsylvania Medical School) 


HE PROBLEM of the timely removal of an indwelling catheter 
from an infected neurogeni¢ bladder is a very serious one, since 
precocious removal may precipitate urosepsis with pyelonephritis and 
distant septic metastases. Such a catastrophe is often fatal and, if com- 
hated, it is only after a long siege of grave morbidity. Many an exceel- 
lent neurosurgical or other surgical procedure, requiring an indwelling 





Fig. 1.—Showing the importance of fixation of the catheter with adhesive tape 
to the thigh, thus relieving the irritating weight and pull of the drainage tube to 
the bottle and preventing it from coming out. 








A B. 


Fig. 2.—lIllustrating the proper and improper ways of drainage from the catheter to 
the drainage bottle. A, Note excess of tubing holding an amount of urine constantly, 
thus acting as an obstructing factor; B, straight drainage to bottle eliminates obstruc- 
tion. 
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catheter in the postoperative period, was frustrated because of the 
compheating urosepsis. 

The question of when such an indwelling catheter should be removed 
with safety has not received the proper answer as yet. It is usually 
left to the discretion of an intern who will remove it whenever the ‘‘spirit 
moves him.’’ It was never considered a problem since the urosepsis was 
blamed on the trauma of the inlying catheter itself and not on the pre- 
mature catheter removal. 
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Fig. 3.—Illustrating the cystometric improvement in a case of neurogenic bladder 
following spinal fracture. /, On admission; 2, in interval two weeks later; 3, re- 
turn to normal with a_ bladder-wall pressure of 65 mm.; safe time for catheter 
removal. 5 

We know today that the urosepsis present will not complicate the case 
to any extent provided competent drainage is established and, what is 
more important, is maintained twenty-four hours a day. One must eon- 
sider every possibility of a faulty extravesical drainage system inter- 
fering with a free and uninterrupted flow of urine. Catheter, tubing, 
position of patient, and height of bottle, ete., are important factors. We 
employ a catheter with two eyes (Robinson), size 18 to 20 F., placed in 
proper position, immobilized by strapping to the thigh (Fig. 1), con- 











712 SURGERY 


nected to a drainage tube just long enough to hit the bottom of a drain- 
age bottle hanging from the side of the bed. Any excess rubber tubing 
hanging outside the drainage bottle is cause for improper drainage. 
The amount of urine stagnated within this excess volume acts as an ob- 
struction to the outflow and can be the cause of fever (Fig. 2). 

The infected neurogenic bladder differs greatly from an infected nor- 
mal one. It is more sensitive to trauma and reacts to the slightest in- 
crease of intracystic pressure. We, therefore, do not irrigate the blad- 
der proper, as we feel that the shehtest distention of such a bladder will 
cause a septic shower. But we do insist on daily or even twice daily 
washing of the drainage tube from the catheter to the bottle. We boil 
this drainage tube in a 10 per cent phosphorie acid every other day to 
remove the phosphate deposit which decreases the lumen of the tube, 
thus hindering drainage. 





‘ & 3 y 5 G 


WEEKS 

Fig. 4.—Graph illustrating the gradual rise in the maximal voluntary bladder 
pressure determined by the cystometer in a case of postoperative neurogenic bladder 
over a period of six weeks. The safe period for catheter removal begins only after 
the pressure has returned to 60 mm. (low normal). The period before reaching 
this pressure is termed not safe, as the catheter removal at this time may precipi- 
tate generalized urosepsis. 

We encounter three situations after the removal of the indwelling 
catheter: (1) complete emptying of the bladder, (2) complete reten- 
tion with overflow, (3) frequent voiding with residual bladder urine. 
In the first two situations no reaction will occur, provided one does not 
wait more than four hours for the reinsertion of the catheter if the pa- 
tient is not voiding. In the last situation one must carefully and fre- 
quently determine the amount of residual present. If this residual ex- 
ceeds 100 ¢.c., the reinsertion of the catheter is imperative. We wait 
until further restoration of function has occurred, otherwise a continued 
shower of bacteria will ensue, due to frequent bladder contractions. We 
found that the timing of the eatheter removal does not have to be left to 
one’s judgment but can be established scientifically by means of the 
cystometer. 
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After the insertion of the indwelling catheter, a cystometrogram is 
taken and the data used for comparison with subsequent determinations, 
noting the progress of the recovery of the bladder-wall musculature. 
Only when complete recovery is indicated by the eystometer does the 
removal of the catheter become a safe and well-timed procedure (Fig. 
3). The maximal voluntary pressure (the voluntary pressure obtained 
when the patient strains to void on maximal filling of the bladder) is the 
first cystometrie factor to improve and approach normalcy. The other 
two factors, namely, the first desire to void and the pressure curve, are 
much slower in improvement and still show abnormal readings after the 
patient is already able to void voluntarily. We, therefore, consider in 
this issue the maximal voluntary factor as the main criterion for catheter 
removal. Fig. 4 graphically demonstrates the improvement of the maxi- 
mal voluntary pressure in a postoperative neurogenic bladder over a 
period of six weeks. The safe period for catheter removal begins only 
after the pressure has returned to 60 mm. Any attempt to remove the 
catheter before this pressure has been reached (unsafe period) may 
readily precipitate generalized urosepsis. Following this rule, we have 
been able to reduce our morbidities to a minimum. We feel that such 
handling of an infected neurogenic bladder, based on cystometri¢ evi- 
dence, will greatly enhance the many neurosurgical and other proce- 
dures, eliminating a grave morbidity and many fatalities. 








A STUDY OF VARICOSE VEINS 
Report OF 600 CASES 


STUART ZEH HAWKES, M.D., M.Sc.D., AND GeorGE F. Hewson, M.D., 
NEWARK, N. J. 


HIS paper is the report of 600 consecutive, unselected cases of 

varicose veins which were studied and treated under our super- 
vision. The total number of cases is comprised of two groups of 
private patients and two groups from clinics. The private patients 
make up about one-half the total number. The clinic patients were 
drawn from the Peripheral Vascular Clinic of the Presbyterian Hos- 
pital, and the Varicose Vein Clinic of St. Michael’s Hospital, both in 
Newark, in a ratio of about 5:3. 

Many studies and reports concerning the treatment of varicose 
veins have appeared in the literature. However, a relative paucity of 
statistical data regarding the predisposing causes and causative fac- 
tors exists. We believe this report covers the largest number of cases 
to be uniformly studied from every angle. Larger reports have been 
made which merely covered injection statistics. It would also seem 
that these cases might be considered fairly representative as they are 
drawn about equally from different economic and social strata, clinic 
and private-patient sources. 

Table I shows that varicose veins occurred in 441 women and 159 
men, an approximate 3:1 ratio. We feel this to be about the average 
ratio, although in the 285 cases recently reported by Ochsner and 
Mahorner,! 247 were females and 38 males. These authors explain 
the high incidence of females by stating that most of the patients pre- 
sented themselves, not because of varicosities, but because of preg- 


naney with which the varicosities were associated. In the patients 


TABLE | 
AGE MALE FEMALE PERCENTAGE 
10-19 yr. ] 1 0.33 
20-29 vr. 16 27 | 
30-39 vr. 2) 100 20.0 
40-49 yr. 2 13] 28.8 
50-59 yr. 43 112 25.8 
60-69 yr. 265 58 13.1 
70 plus yr. 1] 17 4.6 
159 441 
Color 
White 594 


Black 6 
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included in our study, very few were pregnant when first seen. The 
two hospitals from which the clinic patients were taken have no 
obstetrical out-patient departments. The patients for the most part 
presented themselves primarily for the relief of the veins or for symp- 
toms caused by the veins. This inequality between men and women 
would bear direct evidence to Sicard’s* theory of the association of 
the ovarian endocrine system with the development of varicose veins. 
This fact might also help to explain the high incidence of veins de- 
veloping in women between the ages of 40 and 49 years, a period of 
years corresponding roughly to the menopause. 

In considering predisposing factors (Table II), the classification was 
divided into primary and contributory causes. To explain, when a 
woman noted her varicosities commencing in association with a preg- 
nancy, but also gave a family history of varicose veins, pregnancy was 
considered the primary predisposing cause, and the family history the 
secondary or contributory cause. In those instances in which a 
woman developed veins before her marriage or before any pregnancy, 
and in which she gave a family history of veins, the primary cause 
was recorded as being hereditary. There are 42 cases here included 
of women who had no pregnancies, but who had a positive family 
history. The patients included under undetermined causes frankly 
could be put in no category. One case, for example, was that of a 
woman, unmarried, whose family history was negative. She had no 
children, and had her household cared for by three servants. There 
was no past history of disease or operations. Similarly, there was the 
case of a man, a desk clerk, who hated athletics, had been well all his 
life, and whose family history was negative. 


TABLE II 


PREDISPOSING CAUSES 


























PRIMARY ~ CONTRIBUTORY 
MALE FEMALE MALE FEMALE 
Pregnancy 273 24 
Family 56 84 73 
Phlebitis 9 23 4 S 
Trauma 7 6 
Undetermined | 80 39 
No history 7 16 











From our findings we conclude that childbearing, a positive family 
history, plus a smattering of phlebitis and injuries, are the underlying 
factors in the production of varicosities. The mechanism of the oe- 
currence of veins during pregnancy is not completely understood. 
The fact that large fibroids often do not cause varicosities makes it 
questionable as to whether the rapid enlarging uterus of pregnancy 
could cause sufficient back pressure to produce hypertrophy and 
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dilatation of the vein walls which we so often see during pregnancy. 
In some instances the varicosities possibly develop too early in the 
pregnancy to be associated with an enlarging uterus which is causing 
pressure on the iliac veins, with resultant back pressure in the ex- 
tremities. The endocrine factor must be considered. Whatever the 
mechanism, pregnancy is the most common predisposing factor. 

Table II] shows the definite relationship between the formation of 
varicosities and a congenital weakness of the vein structure. Of this 
series 58 per cent had cases of varicosities in the immediate family, 
some in many members of the family. The private patients analyzed 
in this study, who on the average were able to give a better family 
history, showed an even higher percentage. These figures are at 
ereat variance with those of MePheeters and Anderson,* who eclaim 


a hereditary factor in from 6 to 10 per cent of their cases. 


TABLE ITI 


FAMILY INCIDENCE 


1 member in family with history of varicose veins 179 cases 
2 members in family with history of varicose veins 53. cases 
5 members or more with history of varicose veins 14 cases 
Negative 196 cases 
Unknown 158 cases 


Occupation would seem to play a part in the development of vari- 
cosities only when associated with a hereditary or acquired disease 
weakness. It has been contended that body strain, especially standing 
occupations and athletics, predisposes the individual to varicose veins. 
However, it is a fact? that the laboring class suffers less from varicose 
veins than does the white-collar group. 

People seem to get along for vears with varicose veins without seek- 
ing treatment, even while suffering much discomfort. They often 
continue until an ulcer or phlebitis develops, or possibly until a rup- 
ture of a varicosity occurs. Table IV shows that women delay treat- 
ment longer than men, despite the fact that, for cosmetic reasons, we 
would expect the women to present themselves for treatment earlier. 
Men, however, seek treatment quickly, possibly because of the de- 
mands of their occupations or just because they are less enduring. 
Fig. 1 demonstrates visually the facts shown in Table IV. This point 
is stressed to show that, although varicose veins in some cases are 
very disabling, are surely disfiguring, and are usually painful to some 
degree, people apparently can endure them and still carry on their 
duties. In 44 per cent of the total cases studied, abnormal veins were 
present for more than fifteen years before the individual sought 
treatment. 
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TABLE IV 
NUMBER OF YEARS VARICOSE VEINS PRESENT 
YR. MALE FEMALE = 
0- 5 19 68 ene 
6-10 31 92 
11-15 1s 82 
16-20 rid 68 
21-25 i 39 
26-30 10 28 
Soo 2 20 
36-40 | 14 
40 plus 3 7 
Not given 14 13 
159 14] 
CASES 
Male Female MALE «= cence tment, in 
Retio. 118 


FEMALE 

















5 ” 6 0 pk x» 35 40 4+ 


Fig. 1.—Showing that most men seek treatment relatively early, while women endure 
their varicosities for many years. 

We have another striking example of the difference between the 
sexes when we consider the age at which veins appear (Table V). In 
women veins develop most commonly in the childbearing vears. In 
the decade between 40 and 50 years, corresponding to the menopause, 


they also appear in quite a few instances. This fact again points to 
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the possible importance of the presence or absence of the ovarian i 
secretion as a possible factor in the development of varicosities. The 
incidence in men, however, increases in the succeeding decades up to 
50 years of age. The oldest patient to be treated was 91 years of age 
and the youngest 7 years. Fig. 2, graphically illustrating the statis- 
tics given in Table V, clearly shows a great difference exists. 

CASES 


Male Femele 
Ratio: 1:28 














YEARS 0 » x” x 50 0 60° 3 


Fig. 2.—Showing the high incidence of varicosities in women between the ages of 
20 and 40 years, and the increasing incidence in men up to 50 years. 
TREATMENT 
Ligation of the saphenous vein was found necessary in 74 per cent 
(Table VI), and almost as many patients required the operation on 
both legs (36 per cent) as on one leg only (38 per cent). A high 
ligation was performed on those cases in which incompetent valves 
were demonstrated in the long saphenous vein by the Brodie-Tren- 
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TABLE V 


AGE AT WHICH VEINS FIRST APPEARED 














AGE MALE FEMALE 

0- 9 yr. + 1 
10-19 yr. Ales 41 
20-29 yr. 3] 179 
30-39 yr. 35 114 
40-49 yr. 39 65 
50-59 yr. 16 25 
60 plus yr. a 2 
Not given 14 14 

159 44] 








delenburg test. End results will be unsatisfactory unless this type of 
case 1s treated by combined ligation and injection. Approximately 1] 
case in 4 (24 per cent) did not need surgery, but careful study of the 
veins and their valve competence is necessary to pick out these pa- 
tients. When a ligation is not indicated, the treatment consists of 
injections alone. 

TABLE VI 


LIGATIONS NECESSARY 








‘One leg 226 
30th legs 214 
None needed 143 
Untreated 17 
Total 


600 

During the past year we have been doing a two-point ligation, if the 
Ochsner-Mahorner tourniquet test demonstrates the valves of the com- 
municating vein to be incompetent. By doing the two-point ligation, 
we have obtained a firmer thrombus, and also hope to prevent the re- 
currences caused by the reflux of blood through the communicating 
veins recanalizing the formed thrombus. The vein is ligated high at 
the fossa ovalis, and the second point is done below the entrance of 
the lowest communicating vein. This second point is not always easy 
to determine, but it is usually below the knee. In doing the high 
ligation, the operation is done under local anesthesia, and the patient 
is not put to bed after the operation. We feel it is better for a pa- 
tient to be up and about after a ligation than to be a bed patient. 
With slightly restricted activity, the patient still keeps up his normal 
circulatory flow and there is less danger of complications than if the 
patient is put to bed with the resultant circulatory slowing. Many of 
the patients operated upon were in the decades of life over 40 years. 
We have carried out ambulatory ligation successfully, without un- 
toward results, in all cases covered in this report. We feel that by 
using the following technique any danger of postoperative bleeding 
due to activity is eliminated. 





SURGERY 


TECHNIQUE OF HIGH LIGATION 


The point of incision is first determined by ballotting the vein from 


below upwards with one hand and following the impulse with the 
other hand to the highest possible point. This point is usually found 
to be at the fossa ovalis. The line of incision is carefully marked, 
with the patient still standing, using a gentian violet-methylene blue 
solution. We feel this preliminary marking is very important to 
localize the site of the vein so that later unnecessary hunting will be 
eliminated. It is well known that the venous system of the body is 
the most variable of any. Therefore, a purely anatomical determina- 
tion of the point of ligation will lead to a certain percentage of fail- 
ures or to a protracted operation and a larger incision due to extensive 
exploration. About 2 ¢.c¢. of 1 per cent novocain is injected sub- 
cutaneously and a one-inch transverse incision is made. By blunt dis- 
section the vein is isolated. At this level it is found external to the 
deep fascia, but beneath the superficial fascia. All tributary veins 
found entering the saphenous vein in this area are also ligated. The 
saphenous vein is then doubly clamped and cut after applying a plain 
No. 0 catgut ligature to either end. <A ligature of plain No. 0 catgut 
then transfixes the ends of the vein distal to the previous ligature and 
the clamps are removed. The wound is swabbed with ether and closed 
with two horsehair sutures. This technique has been more fully de- 
scribed by one of us (S. Z. H.) previously.® 

We have not been employing the retrograde injection of sclerosing 
solutions at the time of ligation. We have found that a better cos- 
metic result can be obtained by waiting two weeks and then giving 
injections. The thought has been that the veins will collapse and 
contract a great deal following the ligation because of the removal of 
the hydrostatic back pressure; thus, when injections are given, we 
are dealing with a smaller vein which will become increasingly smaller 
when thrombosed. Recently we have injected a few patients at the 
time of ligation. None of these cases are included in this series. A 
ureteral catheter has been inserted into the distal vein segment and 
20 ¢.c. of sodium ricinoleate injected. An attempt is thus being made 
to re-evaluate the value of immediate sclerosing of the distal sezment 
at the time of operation. About five vears ago, a group of patients 
having varicosities and needing a ligation on both lees were selected. 
On one leg the ligation was done and an interval was allowed for the 
vein to diminish in size before any injections were given. On the 
other leg a ligation was done and retrograde injections were given at 
the time of operation. In this way we attempted to determine which 
procedure was preferable. We found that the method used in this 


series, that of ligation followed by an interval before injection, was 
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preferable from a cosmetic standpoint. It is true that the treatment 
can be shortened and fewer injections can be given with immediate 
retrograde injections at the time of operation, but we are partial to a 
longer period of treatment. Most of the patients are very desirous of 
having the appearance of their legs improved as much as _ possible. 
Another fact to be considered is that the patients are told that they 
can continue their daily routine while under treatment, a point which 
seems very imporant to most of them. With a retrograde injection at 
the time of ligation, there is often a marked chemical phlebitis which 
necessitates bed rest and the giving up of duties. 

Uleeration usually occurs only after the tissue vitality has been 
lowered for many years by the stagnant incompetent circulation with 
its resulting anoxemia and tissue injury. Ulcers under these condi- 
tions will then appear with shght injuries or even no trauma. Infec- 
tion gains easy access to these devitalized tissues. Usually the ulcer 
appears on the medial aspect of the lower third of the leg. Twenty- 


five per cent of the cases in this series developed ulcers (Table VIT). 


TABLE VII 
YEARS ULCERS WERE PRESENT BEFORE TREATMENT 


NO. OF YEARS ASES 
30 or more 17 
26-30 oa 
21-25 29 
16-20 29 
11-15 
5-1 
| 


{ 


9° 
-~) 
9 
- 12 


) 
) 
) 

Not given 


Total 153 


The treatment of the ulcers consists in eliminating back pressure 
and in combating infection. In the acutely inflamed ulcer hot hyper- 
tonic solutions are used at first, together with rest and elevation. In 
selected cases Unna paste boots are applied from the toes to the knee. 
As soon as the acute inflammation has subsided, which usually re- 
quires one to two weeks, ligation is done. It is remarkable to see how 
quickly the pain will be relieved in an ulcer following ligation. We 
have seen no untoward complications develop from the ligating of a 
vein before the ulcer is healed, and we feel that we hasten its closing 
by doing a leation and by injecting the feeder veins. In long- 
standing ulcers, in addition to the factors of stasis and infection, the 
bases are fibrosed and contracted, and, even when back pressure and 
infection are eliminated, the ulcer is slow to heal due to poor cireu- 
lation in its base. We have found that mecholyl iontophoresis is a 


ereat aid in speeding up the healing of these long-standing ulcers. 
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Ochsner and Mahorner® mention the use of vitamin B, for the con- 
trol of pain in such ulcers. We have had no experience with this 
method of treatment, but their results seem very conclusive. We have 
not found ointments to be of any value in the treatment of an ulcer, 
but we have successfully used an alcoholic solution of methylene blue 
and gentian violet to lower the bacterial count and to stimulate healing. 
An ideal sclerosing solution should give maximum thrombosis, with 
minimum pain, without producing allergic reactions, and without caus- 


ing any tissue necrosis. There is no solution which meets all these re- 


quirements. In general the stronger solutions, such as invert sugar 


solution, hypertonic saline solution, phenol preparations, and quinine, 
are painful and will cause a marked sloughing if deposited outside the 
vein. They do produce, however, a more extensive and quicker throm- 
bosis. The preparations of morrhuate, monolate, and linseolate, cause 
less pain, are less apt to cause tissue necrosis when deposited outside 
the vein, but have somewhat less sclerosing ability. They, as well as 
quinine, do cause anaphylaxis. We have had twelve cases of severe 
anaphylactic reactions following the use of a 5 per cent sodium mor- 
rhuate solution. These reactions usually appear after the patient has 
had six or more injections and at a time when the doctor feels sure 
that the patient is not sensitive to the drug. <A solution containing 30 
per cent invert sugar and 10 per cent sodium chloride has been used 
routinely for the large veins. This causes a severe muscle cramping 
which lasts about one minute. The resulting thrombosis is good and 
sensitivity never occurs. For the smaller veins 5 per cent sodium 
morrhuate is used. The individual dose is rarely more than 2 e.c. 
The sugar solutions may be injected in doses of from 5 to 20 ¢.ec. It 
is well to emphasize that any solution deposited outside the vein in 
large enough quantities will give a slough. 

There are several contraindications to treatment. Block of the 
deep venous return is the most important. <A past history of phlebitis, 
plus the abnormal appearance of the leg, may cause one to suspect a 
block of the femoral vein. The Perthes’ test will quickly demonstrate 
a venous block. Second, a dirty uleer should be cleaned up before 
injections are started, but it is not necessary for it to be completely 
healed before treatment is begun. During active phlebitis, injections 
are for the most part contraindicated, although in some cases, as 
pointed out by Edwards,‘ small doses deposited a good distance from 
the phlebitic area can be given with no untoward results. Ligations 
done even in the presence of low grade phlebitis are not dangerous, 
hasten recovery, and eliminate the further spread of phlebitic areas. 
A patient with active syphilis should be treated before the veins are 
sclerosed. There are many diabetics in our series. We have had no 
complications arising from treatment of their veins as long as the 
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diabetes was controlled. We do not consider controlled diabetes a 
contraindication to treatment. A patient with cardiovascular disease 
with decompensation should not receive treatment by injection. 
Lymphangitis, when arising from a dirty ulcer, first should be treated 
and allowed to subside before treating the veins. We have not treated 
patients for their varicosities during pregnancy because the veins fre- 
quently disappear after parturition and because of the added danger 
of phlebitis. Patients with advanced arterial disease will often show 
an improvement in their peripheral arterial circulation when the co- 
existing veins are treated due to the relief of the venous back pressure 
with its stagnating effect on the capillary bed. 

The results in this series for the most part have been very good. 
Our most difficult cases have been those with a previous deep phlebitis 
and marked edema of the leg with ulceration. It is very difficult to 
treat such cases satisfactorily or to return their circulation to normal 
efficiency. lJontophoresis of mecholyl has been a great aid in treat- 
ing such cases, but we must admit that the prognosis usually is not 
good. The use of the two-point ligation has been very successful in 
aiding the type of vein pathology in which the communicating veins, 
passing from the deep to the superficial circulation, have incompetent 
valves. In these cases a high ligation alone is not sufficient to check 
the reflux and subsequent injections will be quickly recanalized. 
Whether the routine use of sclerosing agents at time of ligation should 
be carried out is still an undecided question with us. 
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INTRACYSTIC PAPILLOMA OF THE BREAST 
N. FrRepeERICK HicKEN, M.D., Sarr LAKE City, UTAH 


EOPLASMS which possess inherent potentialities for becoming ma- 

lignant present tantalizing diagnostic and therapeutic problems. To 
accept their apparent benign appearance as a criterion for conservative 
treatment certainly provides adequate time for carcinomatous transi- 
tion. To consider these tumors, however, as definitely malignant and 
to institute radical therapy is to produce unnecessary suffering and 
mutilation for lesions which may never become destructive. Intra- 
cystic papillomas of the breast undoubtedly belong to this group of 
mutable neoplasms and hence demand special consideration. 


PATHOLOGY 


Papillomas may arise from any segment of the galactophorous ducts, 
but they are generally found in the larger lacteal sinuses adjacent to 
the nipple. They represent hyperplasia of both the epithelial lining 
and the fibrous tissue components of the milk ducts. The epithelial 
cells proliferate so much faster than the connective tissue substratum 
that the tumors are compelled to invaginate into the ductal lumen, and 
as the villosities grow they fuse, forming a delicate lacy web of soft 
friable tissue. If these papillomas are floated in water, their branching 
arborescent structures at once become apparent. The central fibrous 
stalk contains the dilated blood vessels which ramify the fragile villosi- 
ties and account for the frequent intraductal hemorrhages. 

Gross examination quickly demonstrates that the wall of the cyst 
which contains the papilloma is merely that of the dilated parent duct. 
The epithelial cells covering the tumor are similar to and continuous 
with those of the duct itself. The dilated duct usually contains a serous, 
serohemorrhagic, mucoid, purulent, or pultaceous secretion which con- 
sists of degenerating epithelial cells, corpuscles of Gluge, leucocytes, 
granular debris, cholesterin scales, blood corpuscles, fat globules, bae- 
teria, and amorphous substances. The amount of fluid depends on its 
rate of production and the patency of the lacteals, for if the estuaries 
are open there is a continuous but insensible escape of this exudate 
of which the patient never becomes cognizant. If the duet is com- 
pletely obstructed by the tumor or by the resulting periductal fibrosis, 
there will be a complete retention of the secretions, giving rise to the 
so-called intracystie papilloma. 

In reviewing the literature, one gains the impression that papillomas 
oceur as solitary tumors. Cheatle and Cutler,® however, have success- 
fully demonstrated the multiplicity of these lesions by making serial 
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sections of the mammary gland; they have encountered as many as 
150 separate and distinct papillomas scattered throughout one breast. 
It is true that there may be but one lesion which is producing the 
troublesome discharge, but painstaking microseopie studies invariably 
demonstrate active epithelial proliferation into other ducts. Adair, 
Hart,'* and Stowers** corroborate this view. By performing simple 
mastectomies in all cases of papilloma, we have been able to demon- 
strate multiple areas of epithelial hyperplasia in practically all of 
them (Fig. 1). Not only have we found multiple lesions in the dis- 
eased breast, but similar lesions have frequently been demonstrated in 


























Fig. 1. Fig. 2. 
Fig. 1.—A, Fibrous occlusion of duct lumen preventing the escape of bloody secre- 
tions of the papilloma; B, papilloma completely occluding duct. 
Fig. 2.—A, Multiple intracystic papilloma; B, normal ducts. 


the opposite gland. Routine mammographic studies of both breasts 
have furnished incontrovertible evidence of this point. In one instance 
a simple serous cyst was found in the right breast and the mammo- 
gvrams demonstrated an asymptomatic papilloma in the opposite 
mammary gland. Cheatle and Cutler® and Deaver and MeFarland"® 
refer to multiple papillomas occurring in the same duct, and this, too, 
we have corroborated. 

It is well to remember that thickening and induration of the duet 
wall may be produced by deposition of fibrous tissues incident to in- 
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flammatory or chemical irritation. Adair? has clearly demonstrated 
the presence of butyric and lactic acids in retained secretions of the 
breast. He feels that these irritating substances enhance epithelial 
proliferation and desquamation and associated infection which may 
contribute to the formation of fibrous tissue. Cheatle and Cutler® 
emphasize the necessity of differentiating this fibrotic reaction with its 
mononuclear leucocytie infiltration from invasive carcinoma. It is im- 
perative that the entire papilloma be examined for malignant changes, 
for Broders® has pointed out that the tip of the tumor may undergo 
‘arcinomatous transition, and the base present no evidence of infiltra- 
tion. Complete study of the entire papilliferous neoplasm is essential 
before it can be pronounced benign. 

The literature contains numerous contradictory views on the ability 
of papillomas to undergo malignant transition. Evans'® maintains 
that duct papillomas are always innocent tumors, while Eberts'” 
affirms with equal sincerity that they possess a striking tendency for 
malignant changes. FitzWilliams™ states: ‘‘It is evident that a large 
proportion of such tumors [papillomas] do become malignant in the 
course of time. I would go even further and say there is no evidence 
to show that all duct cancers have not in all probability passed 
through this innocent stage.’’ In discussing mammary neoplasms, 
Geschickter’ states that papillomas are essentially benign neoplasms 
and yet in the same article he analyzes 160 cases of papillary adeno- 
carcinoma and says: ‘‘The sanguineous discharge from the nipple, the 
location near the center of the breast, and the microscopic appearance 
justify the conclusion that many of these papillary cancers are late 
manifestations in pre-existing benign papillomas.’’ This emphasizes 
the amphoteric nature of the papilloma and the suspicion with which 
experienced pathologists are compelled to consider them. It is in- 
teresting to note, however, that, regardless of the arguments which 
are advanced to establish the innocence of these tumors, all essayists 
invariably insist upon a careful microscopic examination in order to 
detect the presence of any malignant cells. Why all of these preecau- 
tions unless these tumors are potentially dangerous? 

One’s views cannot help but be tinetured by his own experiences and 
mine has been such that we consider papillomatous lesions to be po- 
tentially malignant. Any breast which gives rise to these proliferative 
epithelial neoplasms is making an abnormal growth response and only 
time can tell what the final outcome will be. In one instance serous 
cysts, mazoplastic changes, fibroadenoma, papilloma, intraductal epi- 
thelial hyperplasia, and papillary adenocarcinoma were all found 
within the same breast (Fig. 3). In practically every case in our 
series, the epithelial cells lining the milk ducts were undergoing 
definite proliferative changes. FitzWilliams'™ found intracystie papil- 
loma, chronic cystic mastitis and carcinoma in the same breast. Adair! 
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observed a patient who had had a benign intraeystic papilloma re- 
moved seven years earlier and who reported to him with an infiltrating 
‘arcinoma. Stowers** encountered three patients having sero-hemor- 
rhagie discharge from the nipple, and in each instanee he found papil- 
lomas associated with frank carcinoma. Geschickter’ states that 
many eases of papillary carcinoma are late manifestations of pre- 
existing benign papillomas, while Cheatle and Cutler’® believe that 20 
per cent of breast cancers can be traced to cysts or papillomas. 

















Fig. 3.—Large intracystic papilloma undergoing carcinomatous transition. 


In a series of 18 cases we have encountered 2 which exhibited both 
benign and malignant intracystic papillomas in the same breast. The 
first case was that of a woman, 28 years of age, who had observed a 
small tumor in her right breast. A serosanguineous discharge was 
expressed from the nipple and a pea-sized mass was felt beneath the 
areola. The tumor was excised and found to consist of chronie cystic 
mastitis with pronounced intraductal proliferation, tending toward 
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papillomatous formation. A simple mastectomy was performed and 


several similar papillomatous lesions were found in other segments of 


the breast in addition to a definite intraductal papillary type of ear- 
cinoma of a low degree of malignancy. 

The second case was that of a male physician, referred to previously, 
who had observed a yellowish, blood-tinged fluid escaping from the 
nipple and on examination found a definite tumor in the subareolar 
region. A biopsy demonstrated only benign papilloma and yet mul- 
tiple sections of the breast revealed an intracystie papillary adeno- 
carcinoma with metastasis to the subpectoral lymph glands. 

Such experiences as these compel us to respect these papillomatous 
tumors as being potentially malignant and hence to condemn all types 
of conservative and passive forms of therapy. This is in harmony with 
the accepted treatment of papillomatous tumors of the colon and blad- 
der, for, even though they are relatively benign, they receive prompt 
attention before they have an opportunity to become malignant. 


CLINICAL MANIFESTATIONS 

Age and Sexr.—In general, intracystie papillomas are a disease of early 
middle life, occurring most frequently during the third and fourth 
decades. However, both extremes may be affected, for FitzWilliams"™ 
excised a small duct papilloma from the breast of a 19-year-old gir] 
and Hart reported one occurring in a woman 98 years of age. In 
Williams”** series, the average age was 48 vears; in Warren’s*® it was 


52 years; and in Deaver and MeFarland’s" 


it was 40 vears. Such 
statistics are misleading, however, for they do not give the actual 
age at which the lesion developed, but rather the time at which it be- 
came manifest. Studies of autopsied material demonstrate that even in 
the late twenties and early thirties there is frequently a marked pro- 
liferation of the intraductal epithelium which must be interpreted as 
incipient papillomatous tissue. Ebert’? and Cutler® affirm that cystic 
degeneration of the breast occurs in the second and third deeades of 
life, papillomas in the third and fourth, and carcinomas in the fifth and 
sixth. They believe, and we agree, that there is a definite evolutionary 
relationship between these diseases. 

Papillomas affect both sexes, being much more common in women 
than men. David,’ Greenough and Simmons,!’ Russell,*! Williams,** 
Hewett,’’ DeMorgan," Silva,*? Gowland,'® Worbs,** Tietze,*’ Strasser,*4 
and Cheret and Unger* have observed these intracystic lesions in the 
male breast. One of our cases, a young man 39 vears of age, had had a 
small intracystiec papilloma removed, but the recurrent lesion proved 
to be a malignant intracystie papillary carcinoma which was infiltrating 
the duct wall and surrounding matrix. 

Deaver and Mek arland’® believe that intracystie papillomas occur 
most frequently in the breast of parous women, intimating that the 
funetional activity induces hyperplasia of the ductal epithelium. 
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Such a deduction is more apparent than real for only 50 per cent of 
their own 40 cases had experienced lactation. A careful perusal of 
the literature revealed but three instances in which papillomas ex- 
pressed themselves during pregnancy or lactation. Symptoms in- 
variably appear during the resting phase rather than while the breast 
is actively functioning. It is conceivable that the frequent nursing 
would keep the ducts evacuated, but still the associated trauma should 
produce some recognizable bleeding from the estuaries. In our series 
there were 14 women who had one or more periods of lactation and 
only 4 nulliparous individuals. 

Duration.—It is most difficult to estimate the age of a papillomatous 
tumor, for in one instance a lesion measuring less than 0.5 mm. in di- 
ameter produced an incriminating discharge, while in others tumors 
larger than walnuts have been accidentally found on routine examina- 
tion. These neoplasms usually grow slowly; in some cases they have 
been observed for thirty vears without any appreciable change in size. 
If the tumor produces a bloody discharge from the nipple, the patient 
usually seeks advice immediately ; otherwise, the policy of watehful wait- 
ing is followed. In this series, the average time elapsing between the 
recognition of the lesion and application for medical advice was four 
and one-half months. 

Discharge—A hemorrhagie or serosanguineous discharge from the 
nipple is the most frequent symptom of intraeystic papilloma. These 
fragile tumors are so easily traumatized that such simple acts as walking, 
adjusting a brassié¢re, or slight manual pressure may initiate an intra- 
ductal hemorrhage which escapes from the orifices of the nipple. The 
discharge may be continuous or may occur at weekly, monthly, or even 
vearly intervals. Cessation of the discharge does not indicate a dis- 
appearance of the offending neoplasm but rather a retention of the secre- 
tions within the duct or a spontaneous healine of the eroded epithelium. 
In either event the tumor continues to grow. 

It is well to remember that every bleeding papilloma does not pro- 
duce a sanguineous discharge from the nipple. If the fragile villosities 
bleed into a patent duct, the secretions escape. If the ductal lumen, 
however, is occluded by the tumor itself, by fibrous tissue, or by 
keratinized plugs of debris, the blood will be incarcerated within the 
ductal lumen (Fig. 2). In some instanees the retained intraductal 
blood clots undergo degenerative changes and form blood pigments and 
serum which, because they are diluted with desquamated epithelial 
cells and the products of infection, are so altered that the escaping dis- 
charge bears little or no resemblance to blood. Stained smears are fre- 
quently necessary to differentiate these modified hemorrhagic secretions 
from the chocolate-colored grumous material which is seen in ehronie 
evstie mastitis and mazoplasia. Deaver and MeFarland'® found that 
in only 50 per cent of their cases did the papilloma produce a bloody 
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discharge for in 25 per cent they elaborated a serous secretion and in 
25 per cent no discharge was observed. Hart'® emphasized the fact that 
a macroscopic examination of the excised breast usually revealed the 
presence of intracystic hemorrhages and collections of fluid which could 
not be demonstrated clinically. 

We feel that it is extremely important to study the nipple and to 
examine all escaping secretions. In one instance cancer cells were de- 
tected in the escaping discharge and at operation an infiltrating duet 
cancer was found. In two instances gentle stripping massage of the 
nipples expressed drops of bright red blood and yet the patients were 
positive there had been no previous bleeding; mammographic studies 
clearly demonstrated small, nonpalpable papillomas situated in the 
deeper portion of the nipples themselves in each instance. On the other 
hand, we have encountered four papillomas in duets from which no dis- 
charge could be obtained and vet subsequent mammograms revealed the 
duets to be patent. 

Unfortunately a bloody discharge from the nipple is not pathogno- 
monie of a duct papilloma, for it occurs in any condition which produces 
erosion of the ductal epithelium. Adair’ maintains that a dark, bloody 
secretion is usually associated with a duct cancer. Stowers** concludes 
that a hemorrhagic discharge, in the absence of trauma or a palpable 
tumor, signifies the presence of an intracystic papilloma. Miller and 
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Lewis*® found a serosanguineous secretion to be associated with ear- 
cinoma in 65 per cent of their cases. Judd** studied 100 patients whose 
chief complaint was bloody seepage from the nipple and found that 
cancer was the provocative factor in 54 of the cases. Occasionally the 
‘ause of a serosanguineous discharge cannot be determined. For ex- 
ample, a girl 19 years of age and in the eighth month of pregnancy, 
sought advice because of a bloody discharge from both breasts. The 
mammary glands were well developed, and bright red blood could be 
seen coming from eight estuaries in the right nipple and from eleven on 
the left. Smears were positive for blood, but no evidence of infection 
was found. Repeated mammographic studies failed to demonstrate any 
abnormalities in the size, shape, or conformation of the milk ducts. 
As soon as lactation began, the bleeding stopped spontaneously, for 
repeated examination of aspirated milk was negative for red blood 
cells and subsequent mammograms were normal. It seemed incredible 
that trauma, infections, or neoplasms were the provocative agents and 
we assumed that an excessive vascularity incident to the functional hy- 
perplasia of the lactiferous ducts was responsible for the bloody dis- 
charge. 

Paget’s disease of the nipple, tuberculosis, acute mastitis, vicarious 
menstruation, degenerating fibroadenoma, and sarcoma all have been re- 
ported as causing spontaneous, sanguineous, thelial discharges. One of 
the most unusual causes of such a bloody secretion was found in a 
woman, 78 years of age, who complained of a tumor mass in her breast. 
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Examination demonstrated that she had a spontaneous infarct of the 
right mammary gland secondary to a hypertensive auricular fibrillation. 
Approximately one-eighth of the breast was involved by the large in- 
faret and all the ducts leading from this segment emitted dark red blood. 

It is apparent that bloody discharges from the nipple have little 
diagnostic significance other than to issue a warning that some abnormal 
physiologic or pathologie process is present. Complete studies are neces- 
sary to determine the etiologic factors. It is true that a sanguineous 
discharge, in the absence of a palpable tumor, is strongly suggestive of an 
intraductal papilloma, but confirmation is mandatory before proceeding 
with treatment. 

Pain.—Mastalgia is seldom associated with a papilloma for these tu- 
mors grow so slowly that they produce but slight intraductal pressure. 
Occasionally a sudden sharp pain may announce the occurrence of an 
intraductal hemorrhage. Infectious processes and mazoplasia are much 
more prone to produce pain than are the intracystie papillomas, and in 
the majority of cases it is the associated mazoplasia that accounts for 
the discomfort. 

Tumors.—The very nature of these neoplasms makes their detection 
by palpation most difficult. Being small in size and composed of soft, 
compressible tissue, they frequently cannot be distinguished from the 
breast matrix. If they are large enough to be palpated, they impart a 
sense of resiliency, often resembling fluctuation. Ninety-five per cent of 
the papillomas are situated within or directly beneath the nipple in the 
subareolar zone and arise from the lacteal sinuses. Manipulation of 
the tumor exerts traction on the parent duct and hence retracts the 
nipple in the same direction as the applied force. If located within the 
nipple or immediately beneath it, the expanding growth may push the 
nipple outward, or in some eases the fibrosis may cause a retraction 
of this organ. Frequently, a gentle pressure directly over the mass will 
produce a sanguineous discharge from the nipple, but on several oe- 
‘asions we have been able to elicit the discharge and were still unable 
to palpate the offending tumor. Extreme caution should be employed 
in manipulating any mass within the breast for forcible compression 
can and does disseminate carcinomatous emboli. In this series only 
35 per cent of the papillomas could be palpated. 

Transillumination studies are frequently valuable in locating the 
larger papillomas. This is particularly true if there is an associated 
intraductal hemorrhage or if the duet contains fluids for then they 
produce distinct shadows. Small, uncomplicated, villous papillomas 
possess the same translucency as the surrounding tissues and therefore 
‘annot be differentiated. 

DIAGNOSIS 

The failure of these papillomatous lesions to produce identifying 
symptoms combined with their pernicious tendency to undergo malig- 
nant transformation certainly ereates an interesting problem. In 
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order to facilitate the recognition of these tantalizing neoplasms, a 


new method of diagnosis has been developed. This procedure, termed 
mammography, was first deseribed in 1937.°° Accurate roentgen- 
ographic patterns of these intraductal tumors can be obtained by in- 
troducing contrast substances into the diseased lacteals. Any patho- 
logic condition which alters the size, shape, or conformation of the 
ducts can be readily determined and accurately classified. 

Due to the fact that papillomas are proliferating tumors which 
project into the ducts, they displace the contrast medium and _ pro- 
duce characteristic filling defects. Papillomas measuring less than 
1 mm. in diameter have been thus visualized and later found at op- 
eration.2! Interestingly enough, four asymptomatic papillomas were 
visualized while making routine mammographic studies of patients 
with mazoplasia. In two other instances papillomas were found in 
both breasts, and on three oceasions multiple lesions were found within 
the same gland. 

Occasionally the contrast substance may not outline the offending 
papilloma, for the tumor may have completely oecluded the duct or 
the resulting fibrosis may have closed the lumen. Obstruction of the 
lacteal sinuses in the presence of a patent orifice is indirect evidence 
of duct cancer or papilloma, particularly if there has been a san- 
guineous discharge from the nipple. In one instance, in which we were 
able to cannulate the bleeding duct but could not introduce the con- 
trast medium, diathermy and hot applications to the breast were ef- 
fective in opening up the duct so that the solution passed by the ob- 
struction and clearly outlined the offending papilloma. Clinical ex- 
perience indicates that mammographie studies are invaluable in recog- 
nizing and locating these evasive tumors. 

In the earlier studies various radiopaque substances, such as lipio- 
dine (Ciba), hippuran (Mallinckrodt), diodrast (Winthrop), and 
thorotrast (Ileyden), were used. Thorotrast was found to be the most 
suitable because of its high radiopacity, low diffusibility, marked 
fluidity, and mild irritability to local tissues. Warning, however, was 
given that mammary abscesses would result from extraductal injee- 
tions and likewise apprehension was expressed regarding the in- 
fluence of the radioactive properties of thorotrast on the breast tis- 
sues.2”) In order to obviate these undesirable reactions, the thorotrast 
was removed by lavaging the ducts after the mammogram was taken. 
Such a procedure was effective but so tedious and laborious that it had 
to be abandoned. The subsequent work of Ries and Mesirow’® and 
of Romonoff and Mek etridge*®’ indicated that thorotrast could produce 
granulomatous lesions; therefore, we have discontinued its use. 

After extensive research and clinical investigation, it was found 
that skiodan viscous (Winthrop) was a suitable contrast substance 
for these mammographic injections. It is an aqueous solution of 
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iodides, akin to diodrast (Winthrop), which is used in intravenous 
pyelography, but the rapid diffusion is prevented by holding the 
soluble iodides in a suspension of viscous gum acacia. Aqueous solu- 
tions of iodides, such as hippuran (Mallinckrodt) and = diodrast 
(Winthrop) cannot be used for visualizing breast tumors because of 
their high degree of diffusibility and rapid absorption. Skiodan 
viscous, on the other hand, remains within the lactiferous tubules 
from three to ten minutes, a sufficient time to permit accurate roent- 
genograms to be taken before it is absorbed. Thirty minutes after the 
ductal injections are made no skiodan viscous can be found within 
the duets. 











Fig. 4.—Papillomatous tumor visualized by skiodan viscous. 


ifty diagnostic mammograms using skiodan viscous have been 
made in virginal, lactating, resting, and diseased breasts without any 
untoward complications (Fig. 4). In five instances actively funetion- 
ing breasts have been injected without diminishing the flow of milk 
or interfering with the regular periods of nursing. At the present time 
skiodan viscous is the most satisfactory visualizing agent we have 
studied. Its innocuous properties are attested by its extensive use in 
salpingography. 

It is imperative that the patient be placed in the proper position on 
the roentgenologic table before the injection is made, for if five min- 
utes elapse between the injection of the contrast substance and the 
time the mammograms are taken, a hazy, indefinite, and uninformative 
ductal pattern will be obtained. Much clearer detail can be obtained 
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with the Bucky diaphragm than with the cardboard holders. The 
technique of introducing the contrast substances into the ducts has 
been described elsewhere. 

These mammographic studies are invaluable in recognizing and 
locating lesions which produce abnormal discharges from the nipples.** 
Chronic cystic mastitis, mazoplasia, papillomas, fibroadenomas, hemor- 
rhagie infarets, lactation hypertrophy, Paget’s disease, galactoceles, 
and acute mastitis are some of the pathologic states which have been 
so recognized and diagnosed.”° 

Effective therapy is predicated on an appreciation of the mor- 
phologie characteristics and pathologic trends of these tumors. Recent ; 
articles have emphasized the innocent nature of these neoplasms and 
have strongly advocated such conservative treatment as local excision 
of the neoplasm. Babeock*® has even devised a method of cannulating ; 
the offending lacteals so that the diseased segments can be removed 
by a simple plastic excision. While such conservatism is to be desired, 


we sincerely believe it to be inimical to the patient’s best interests. 
In the first place, careful studies have clearly demonstrated that 4 
papillomatous lesions are usually multiple and not single solitary i 


growths. In the majority of our eases, serial sections have demon- 
strated intraductal epithelial proliferation in other lacteal sinuses 
than the one harboring the bleeding papilloma. Local excision of the 
bleeding duct still affords an opportunity for the others to develop. 
Recurrence following local extirpation of the offending papilloma is 
much more common than is usually appreciated. Adair’ found that 
15 per cent of the cases treated by removal of the tumor alone later 
developed a bloody discharge from the same or the opposite mammary 
gland. Geschickter,’® who elassifies papillomas as benign lesions, re- 
ported 65 patients treated by local excision of the tumors, and of 
these 6 had definite recurrences, some requiring as many as two and 
three operations. Bowlby,* Morton,?’ Williams,** Greenough and 
Simmons,’* Labbe and Coyne,”’ Pollard,?* and Deaver and McFarland" : 
all report recurrences or the formation of new papillomas following 
local excision of the primary tumor. Such a high percentage of recur- 
renees combined with the tendency of papillomas to be multiple seems 
a strong argument for a simple mastectomy. 

Secondly, the pernicious tendency of papillomas to undergo malig- 
nant changes strongly suggests the inadequacy of conservative therapy. 
Stowers** believes that a simple mastectomy is the method of choice 
in dealing with these treacherous lesions for he encountered a small 
asymptomatic carcinoma lying in a distant part of a breast he had 
removed because of a bleeding papilloma. In one instance, we inad- 
vertently discovered a papillary adenocarcinoma in a breast which 
had been removed because of a bloody discharge from the nipple. Had 
the offending tumor merely been excised, the carcinoma would have 
been left behind to grow and metastasize. Adair’ reports a similar 
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case, for he removed a papilloma measuring but 7 mm. in diameter, 
and one year later the patient returned with an infiltrating carcinoma. 
Did this cancer develop as an entirely independent tumor, or did it 
evolve from a papilloma which had been overlooked? A mastectomy 
would certainly have prevented this catastrophe. 

Third, if radical mastectomies are reserved only for those cases in 
which the parent tumor, after excision, is found to be malignant, many 
sases of cancer will be overlooked. In many instances the carecinom- 
atous process may be lurking in some other segment of the breast and 
may not be detected by examination of one papilloma. The multi- 
plicity of these tumors renders biopsies ineffectual, as frequently it is 
the small asymptomatie papilloma which shows the sinister changes of 
carcinoma. It seems more rational to employ simple mastectomies in 
all cases of papillomatous tumors and to utilize the radical procedures 
for those that are definitely known to be malignant. Certainty is 
assured only after painstaking study of the entire breast. 

It is true that we do not wish to be stampeded into the wholesale 
removal of breasts and mastectomies should be employed only in those 
cases in which the diagnosis is certain. Mammographic visualization 
studies remove the doubt and uncertainty which formerly accompanied 
the diagnosis of these intraductal neoplasms, for they portray the 
identifying characteristics of papillomas of the milk ducts with the 
same degree of accuracy that x-rays of the stomach, colon, or genito- 
urinary tract portray similar lesions in those organs. All it requires is 
perseverance and experience. 

CONCLUSIONS 

1. In their early cvele of development papillomas of the breast are es- 
sentially benign lesions, but, if left alone, they have a pernicious 
tendency to undergo malignant transition. 

2. Serial studies of fifteen breasts indicate that these papillomatous 
lesions are generally multiple, often bilateral, and occasionally associ- 
ated with other pathologie changes, such as mazoplasia, ecystie degen- 
eration, fibroadenomas, and even distinct carcinomas. 

3. A bloody discharge from the nipple is not pathognomonie of intra- 
cystic papillomas of the breast but may occur with Paget’s disease, 
duct cancer, adenocarcinoma, chronic cystic mastitis, gestational hy- 
pertrophy, trauma, and acute mastitis. 

4. Papillomas of the breast can be easily recognized and accurately 
located by means of mammographic visualization studies. 

5. Reeurrences may follow the simple excision of a papilloma. 

6. A simple mastectomy is the ideal form of therapy for the benign 
papilloma. 

7. Radical operations and irradiation therapy should be reserved 
for those cases which are definitely malignant. 

8. Every papillomatous lesion should be studied in its entirety for 
malignant changes before it is pronounced benign. 
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SURGICAL TREATMENT OF ROENTGEN AND 
RADIUM DERMATITIS 


RaLeH K. GHORMLEY, M.D., AND Ropert D. Farrcuinp,* M.D., 
ROCHESTER, MINN. 
(From the Mayo Clinic and the Mayo Foundation ) 


HE length of time at present necessary for the determatologie and 

surgical treatment of roentgen dermatitis accounts for the fact that 
a number of patients are under treatment most of the time. Obviously 
many patients with such dermatitis have no great trouble. Many other 
patients have mild itching, telangiectasia, pigmentation and atrophy of 
the skin and its appendages for which various types of dermatologic 
care are adequate. However, in the presence of indurated, boardlike 
skin with recurring ulcerations, pain, deformity, and loss of function due 
to contraction of the skin and underlying fascial layers, it is necessary 
to control the svmptoms by removal of the lesion rather than to tem- 
porize with it. Particularly is this so if the chronie ulceration persists 
or scar forms in the presence, or possible presence, of malignancy. 
There may be said to be two types of radium and roentgen dermatitis, 
the acute and chronic forms. The acute form at times may be very 
troublesome and may not respond to the usual types of conservative 
treatment demanding surgical excision and plastic procedure. At times, 
in the more acute forms the surgical treatment may be disappointing 
beeause of the fact that one may not recognize the margins of the 
damaged tissue and excision may not be wide enough. Fortunately, 
these more acute types are not so frequently seen and the difficulties 
of treatment of this type of case are not so often encountered. The 
chronic type may present itself at almost any time following original in- 
jury. 

Although we are interested in the cosmetic result of any plastic pro- 
cedure, our concern has been more often with relief of pain, healing of 
uleeration, avoidance or eradication of malignant tissue. Hence, this 
review has been undertaken to determine what results can be expected 
from surgical treatment by excision and grafting. The records of 
patients with roentgen dermatitis of the trunk and extremities treated 
surgically in the Mayo Clinic between 1928 and 1937, inclusive, have 
been reviewed and the data tabulated. 

MATERIAL 

In this series of 97 patients were 53 males and 44 females. They 
varied in age from 3 to 72 years. The distribution, in the main by 
decades of life, is given in Table I. 


*Fellow in Surgery, the Mayo Foundation. 
Received for publication, October 18, 1939. 
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TABLE | 


AGES OF PATIENTS 
AGE (YR. ) PATIENTS 
1 to 20 4 
21 to 30 14 
51 to 40 2] 
41 to 50 20) 
51 to 60 29 
61 to 72 9 
Total 97 





Patients have difficulty, after an interval of many years, in remember- 
ing the nature of a lesion for which roentgen or radium therapy was used. 
However, in a large percentage of the cases in this series the history was 
accurate as to the original lesion; either the patient described his symp- 
toms well or the presence of lesions confirmed the original diagnosis. 
The original conditions which were exposed to radium or roentgen rays 
were as follows: eezema, 21 cases; hands of roentgenoscopists, 11; in- 
determinate condition and tumors of the breast, 7 each; trichophytosis, 
‘‘warts,’’ and eallus, 4 each; carcinoma of uterus and cervix, foreign 
body (roentgenoscopic removal), vascular nevi, and pigmented nevi, 
3 each; indeterminate abdominal pain, giant cell tumor, hypertrichosis, 


?), ‘‘irritated skin,’’ psoriasis, and trauma, 2 each; and 


epithelioma ( 
ulcer plus serubbing, fibromyoma of uterus, pruritus ani, angioma of leg 
and sacrum, nodule of axilla, metrorrhagia and mastitis, keloid, ‘‘lumps’’ 
in epigastrium, sacral tumor, tumor of hip, aene, gastric uleer (diag- 
nostic roentgenography), and ulcer of the hand, 1 each. 

The anatomic situations of the lesions were as follows: thumb and 
fingers, 16 cases; hand (dorsum), 16; hand (palm), 4; hand (dorsum 
of both), 3; foot (sole), 7; foot (dorsum), 4; leg, 8; abdomen, 7; breast, 
6; arm, 3; thigh, knee, axilla, chest, sacrum, hip and sacrum, 2 each; 
and shoulder, hip, popliteal space, toes, back sacroiliac region, scrotum, 
groin, perineum, both legs, abdominal wall, and sacroiliae region, 1 each. 
The high incidence of actinodermatitis of the fingers and hands was 
due, in part, to the greater frequency of occupational roentgen dermatitis 
among members of the medical and dental professions. Nineteen of the 
patients were physicians or dentists. Among laymen, the relative fre- 
queney of roentgen dermatitis about the hands was accounted for by 
the frequeney with which various types of eczema of the hands are 
treated by roentgen rays. Dermatologic conditions predominate among 
the reasons for which the original roentgen or radium therapy was given. 
In those eases in which roentgen dermatitis followed treatment of a 
malignant condition, treatment was by radium or radium supplemented 
by roentgen rays for the most part. Roentgen dermatitis of the sacrum, 
buttocks, back, and abdomen usually followed radium or roentgen 
therapy of malignant tumors of the abdomen or prolonged diagnostic 
procedures applied to the gastrointestinal tract. Considering the in- 
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cidence of genital and anal pruritus among members of the general 
population, the incidence of roentgen dermatitis of these regions, neces- 
sitating surgical relief, was unusually low. 

Of this series of 97 patients, 9 had received radium therapy only ; 70 
patients, roentgen therapy only; and 18 patients, both radium and 
roentgen therapy. While in a fair percentage of the cases the number 
of treatments given was known, the technical factors were in most in- 
stances unknown and thus an estimate of the dosage effective in the pro- 
duction of the various lesions noted was difficult to make. 

An estimate of the interval between the first treatment with roentgen 
rays or radium and the application of surgical treatment at the Mayo 
Clinic is as follows: six months or less, 6 cases; one year (and more 
than six months), 14; two years, 9; three years, 4; four years, 5; five 
vears, 2; six years, 8; seven years, 9; eight, nine, and ten years, 2 each; 
eleven years, 3; twelve, thirteen, and fourteen years, again 2 each; 
fifteen years, 3; eighteen years, 5; nineteen, twenty, twenty-four, 
twenty-nine, thirty, thirty-four, and thirty-seven years, 1 each; and 
unknown, 10. Obviously, this is not an estimate of the time between 
the first exposure and the development of necrosis or of any of the 
other indications for surgical measures, but it does indicate that those 
patients who have lesions for which surgical operation will be neces- 
sary will come to operation within seven years of the time of their 
first exposure in the great majority of instances. In many instances 
the diagnosis of roentgen dermatitis had been made at the elinie or 
elsewhere a year or more before surgical treatment was adopted and 
in some cases the patients had known that they had dermatitis for 
many years before they sought surgical relief. Some of these patients 
had undergone various types of surgical treatment before they came to 
the clinie. 

The results of histopathologic examination of the tissue removed 
were recorded. In 20, or 20.6 per cent, of the cases squamous-cell 
epithelioma of the skin had developed in the area of roentgen dermatitis. 
All but 2 of these 20 cases, Cases 30 and 31, are recorded in subsequent 
tables. In Case 30 the epithelioma was of malignaney Grade 1 and was 
situated on the abdominal wall. The epithelioma in Case 31, also of 
Grade 1, was found on a finger of the left hand; the index, middle, and 
ring fingers of this hand were the site of many lesions of keratosis. 
In 3 other cases (Cases 38, 53, and 88) malignaney of the epitheliomas 
also was of Grade 1. The epitheliomas in 6 of the 20 eases (Cases 45, 73, 
77, 84, 89, and 90) were of Grade 2. The grade of malignaney of the 
epitheliomas was 3 in 8 eases (Cases 40, 46, 638, 75, 78, 81, 82, and 83) 
and only in Case 74 was the epithelioma of Grade 4. In 7 other eases 
roentgen dermatitis was superimposed on a previously existing malignant 
condition, such as carcinoma of the breast or a connective tissue tumor 
of the extremities. Simple ulcer was present in 7 instances, chronie in- 
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flammation in 3, and hyperkeratesis in 3. In 57 instances a tissue diag- 
nosis of roentgen dermatitis was made, usually under such terms as ‘‘sub- 
epithelial inflammation with fibrosis,’’ ‘‘chronie inflammatory tissue with 
fibrosis associated with epithelial hyperplasia,’’ and ‘‘keratosis.’’ These 
terms stated briefly the pathologie picture described by Wolbach and 
others to indicate changes the result of injury by roentgen rays or 
radium. A specimen was not available for examination in 7 instances. 
It is of considerable interest that of the 39 cases in which roentgen 
dermatitis of the hands was present in 16 (41 per cent) the condition 
was malignant (squamous-cell epithelioma). 

In the series of 97 cases there was 1 fatality from malignaney which 
developed on the basis of roentgen dermatitis. 


Case Report.—-The patient was a man, 52 years of age, who first registered at 
the clinic on Jan. 4, 1932. For three years previous to his first visit to the clinic 
he had been receiving weekly roentgen-ray and ultraviolet irradiation for tricho- 
phytosis affecting the inner side of the sole of the right foot and extending onto the 
internal malleolus. Excision was performed and a full thickness skin graft was 
applied Jan. 26, 1932, for a lesion which proved, on microscopic examination, to be 
a squamous-cell epithelioma, Grade 2, associated with leucoplakia, subepithelial in- 
flammation, and fibrosis. Healing was delayed, although most of the graft ‘‘took.’’ 
Pinch grafts were applied to an area over the inner aspect of the right ankle on Nov. 
8, 1932, and ulcers over the right internal malleolus and right heel were cauterized 


on Jan. 13, 1934. Complete healing failed to take place at any time and, on Jan. 
29, 1937, the patient returned to the clinic for biopsy of lymph nodes of the right 
groin and of the ulcer over the foot. In both of these regions malignancy, Grade 3, 
was found on microscopic examination. The patient died from hemorrhage from an 
artery in the right groin on Aug. 14, 1937. 


As in the series reported by Saunders and Montgomery, doubtless < 
higher mortality would have developed if the patients had been fol- 
lowed over a longer period. 


TENERAL CONSIDERATION OF TREATMENT 


The following résumé of skin grafting as applied to the surgical 
management of roentgen dermatitis follows closely the writings of 
Blair and Brown, of Gillies and MeIndoe, and of Porter. The work of 
these men is fundamental in the surgical management of these lesions. 


The type of graft best suited for the loss, the speed of the operation, 
the source of the graft, and the healing powers of the patient all have 
bearing on the type of graft selected in each ease. <A full thickness 
graft is appropriate for a freshly made raw surface, without infection, 
where substantial protection, maximal mobility, minimal subsequent 
contraction, and the most natural appearance are essential. They are 
usually chosen to cover a contracted, healed surface in which the full 
thickness of the scar must be cut through or removed to allow relaxation. 
In the present group of cases, small areas about the feet, about the small 
joints of the hands, and about the dorsum of the hands seemed to be the 
fields of usefulness for the full thickness skin graft. For fresh granu- 
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lating surfaces, on surfaces that will resist subsequent contraction, if 
the appearance and demands of function do not contraindicate their 
use, thinner grafts are chosen because of the simplicity of their appliea- 
tion and the greater certainty of a take. Particularly are these grafts 
useful on the back of the hand and over extensive defects of the trunk 
(back, chest, and abdomen). The technique of application of the full 
thickness graft and its aftercare are exacting and time-consuming. The 
eraft is susceptible to infection so that the patient must possess good 
healing powers. 

Three factors may seriously affect the final result when the thinner, 
split skin graft is employed: (1) The thinner graft may not give suf- 
ficient protection to a bearing surface. (2) It will not correct the 
inequalities of the underlying surface. (8) If placed on a freshly made 
raw surface, and if the recipient region has a movable base and movable 
edges, subsequently the graft contracts without any loss of epithelium. 
Contraction takes place in the sear tissue of the bed and not in the 
craft itself. The true Ollier-Thiersch graft is supposed to inelude little 
more than the epithelial laver. If the graft is cut so as to inelude an 
appreciable thickness of the dermis, it seems to possess more of the good 
than of the bad points of either the full-thickness or the true Ollier- 
Thiersch graft. If the host’s resistance is low, grafting of any kind 
should be deferred. Almost all failures are attributable to infection. 
Suecess or failure in the use of grafts will depend more on the healing 
qualities of the tissues than on all other faetors combined. This is 
especially significant when the poor blood supply to the tissues immedi- 
ately beneath an area of roentgen dermatitis is considered. 

As Gillies and MeIndoe pointed out, in using split skin grafts the 
immediate result may be disappointing, due to wrinkling, depression, 
and hardness of the graft, but later the graft will become smooth and 
filled out. Gillies and MeIndoe did not recommend the use of full- 
thickness grafts because of the high standard of technique required for 
sueeess with them and the tendeney that exists to trophie changes in 
the graft. 

It may be necessary to delay operating on the lesions that are under 
consideration here to avoid the disappointment of poor healing of tissue. 
The older lesions that have been scarred over for a number of vears are 
not especially bothersome in this respect, as a relatively long period has 
been allowed for development of a new blood supply in the tissues im- 
mediately beneath the sear of roentgen dermatitis. More difficulties are 
encountered in preoperative clearing up of ulceration that persists in 
spite of all forms of treatment and undergoes neither healing nor frank 
sloughing. Special preoperative care of infection in areas of roentgen 
dermatitis will lessen the risk of failure. This care includes frequent 
changing for a few days of packs soaked in mild antiseptie or hypertonic 


salt solution until active suppuration has come under control. 
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Most epitheliomas require excision down to the fascia and immediate 
crafting, but, for those which are extensive or which have been neglected, 
amputation and dissection of regional lymph nodes are required. Lesions 
of the sole of the foot can be repaired with a free graft if a deep, healed 
scar is not present. However, a deep lesion, entailing loss of the pad of 
fat, may be best treated by transfer of a flap carrying both the skin and 
the subeutaneous fat. As Gillies and MeIndoe pointed out, the distin- 
cuishing feature of chronic roentgen dermatitis is that the superficial 
tissue of the whole area can be dissected up from the subjacent tissues 
with ease for there is a marked plane of cleavage between normal and 


devitalized structures. 


TREATMENT IN PRESENT SERIES 


In the 97 cases a variety of procedures was performed. They were 
identified as follows: excision, split-skin graft (Table II), pedicle graft 
(Table III), amputation (Table IV), full-thickness graft (Table V), 
pinch graft (Table VI), and biopsy only. When the study was in 
progress, each case in which one of these procedures was employed was 
tabulated under its respective heading and, since in several cases more 
than one procedure was used, each such case was represented under more 
than one heading. For publication, however, it seemed unnecessary to 
include the table which dealt with excision. This operation was per- 
formed in 32 cases. Table II, therefore, wherein are recorded the cases 
in which split-skin grafts were employed, begins with Case 33 and cases 
lower in the series (Cases 2, 3, and 30) appear in the tables only in those 
instances in which some procedure was employed in addition to excision. 
Also, it seemed unnecessary to publish the table concerning the cases 
in which biopsy only was performed. There were two such cases (Cases 
96 and 97) in the entire series of 97 cases. In neither of these was 
any other procedure used. In the published tables, therefore, the highest 
case number to appear is Case 95. 

Excision.—Excision or excision and primary closure was performed 
32 times for lesions on all parts of the body, and in general the results 
were satisfactory. Many of these lesions were small and were in situa- 





tions where the integument was especially mobile so that few technical 
difficulties were presented. Further discussion of these cases will not 
be presented as the indications, operative procedures, and aftercare 
are obviously so variable that little of consequence can be derived from 
further study of them. 

Split-Skin Graft.—The split-skin graft, as deseribed in the various 
papers of Blair and Brown, was used 25 times with 2 failures (Table 
II). It is apparent that this form of plastic repair will find many fields 
of usefulness in restoration of defects caused by excision for roentgen 
dermatitis involving relatively large areas. The regions favored for the 























GHORMLEY AND FAIRCHIL 


D: ROENTGEN AND 


RADIUM 


DERMATITIS 743 


use of split-skin grafts were the trunk and proximal portions of the 


extremities and the dorsal surfaces of the hands and feet. 


The grafts 


usually were removed, after the method of Blair and Brown, from the 


anterior surfaces of the thighs and transferred directly to the cleaned, 


eranulating surfaces where they were required or, in many instances, to 


| SITUATION OF 


CASE 

| LESION 
33 |Dorsum right hand |Suecess 
o4 |Sacrum |Success 
of lc.: ‘“ lo 
4. |Epigastrium | Success 
36 |Dorsum right | Success 

thenar web 

37 |Left palm | Success 
38 |Dorsum right hand |Suecess 
39 |Chest wall Success 
40 |Left index Success 
41 |Dorsum left hand |Success 
42 |Sacrum Success 
43 |Sole right foot Suecess 
44 |Epigastrium Success 
45 |Left index Success 
46 |Chest wall Success 
47 |Sacrum Success 
48 |Right knee Suecess 
49 |Sacrum Success 
50 |Abdominal wall Suecess 
51 |Left groin Success 
52 | Right leg Failure 

Left calf Suecess 
53 |Right thenar Success 

eminence 

54 |Left leg Failure 
55 |Dorsum left foot|}Success 
56 |Dorsum right hand |Success 
30+) Abdominal wall Success 








| RESULT 
| 


TABLE II 


SPLIT-SKIN GRAFT 


| OTHER PROCEDURES 


| None 
|None 
| None 
| Previou 
| failed 
None 
|None 
| 


| None 
Subsequent 
| amputation of finger 
None 





| None 
| 
| 
| None 
| None 
| None 


| 
| 

None 
| 


Previous pedicle to oute 
| side left knee 

None 

| None 


|Partial closure 
|Previous pedicle 
| . 

| Five later 
rant 


years 
thickness 
right shin succeeded 


chlear gland excised 
(inflammatory) 
Necessary to 
split skin graft 
| Previous 
failed 
None 


pedicle 


and closure; 





defect 


s pedicle graft|Patient followed 


prophylactic 


r 


graft | Patient 
only partly successful | 


to| 


; | 

\Subsequently epitro-|Sq. cell ep. Grade 1 
| 

| 

| 


Previous (1922) excision] Sq. 
* | 
pinch | 
grafts to close present 


| COMMENT 


i/Unable to follow patient 
} 


2 yr. 


\Stiffness of fingers 2 yr. 
later; sq. cell  ep.* 
Grade I 

Slow to heal 


Sq. cell ep. Grade 3; no 
recurrence in 1 yr. 
Stiffness of hand; slow 


to heal 
Extensive sloughing had 


followed biopsy else 
where 

Sq. cell ep. Grade 2 in 
situ; keratosis 1 yr. 
later 

Sq. cell ep. Grade 3; no 
recurrence in 1 yr. 


Extensive hemangioma 
leg, thigh, buttock 





Malignant giant-c el] 
tumor destroyed by 
roentgen therapy 

|Patient followed 2 yr. 
|Patient followed 8 yr. 
followed 7 yr. 

full|Patient followed 6 yr. 


after last procedure 


reapply | 


graft|Healing delayed 


Small area slow to heal 
cell ep. Grade 1 
(1933); large hernia 


| developed in wound 








*In this and subsequent tables 
+This is one of the 32 cases in 
also was employed, the case appe 


which excision was performed. 


“ars in this table. 


sq. cell ep. signifies squamous-cell epithelioma. 


Since split-skin graft 
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the raw surface made by excision of tissue in an area of roentgen 
dermatitis (Fig. 14 and B). It is customary at the Mayo Clinie to 
apply the graft to a field that is perfectly dry, to baste it down with 
multiple strands of silk or horsehair, and to puncture the graft in 











Fig. 1.—Hands of a man aged 66 years. A, Roentgen dermatitis of twenty years’ 
duration and dermatitis on dorsal surfaces of both hands; B, two months after excision 
and application of split-skin graft to right hand. 
numerous places to permit egress of serum and to promote direct con- 
tact of the graft with the underlying raw surface. The edges of the 
grafts are overlapped; also, they are made to overlap the edges of the 
area which it is desired to cover. The overlapped portions of graft will 
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slough, but the approximation of edges will be much closer than if any 
other method of apposition is employed. 

Various types of dressings have been tried with varying success. The 
important feature to attain is absolute fixation of the graft with pressure 
in order that none of it may become elevated and slough away. Use of 
sea sponge as part of the dressing helps maintain the pressure. In many 
eases in which the hands are the site of the injury, it is imperative to im- 
mobilize the wrist and fingers by means of previously constructed splints 
for a period varying from two to three weeks, or until physical thera- 
peutic measures can be safely started, the time depending on the degree 
to which the superficial tissues close in over any areas that have not 
been completely covered by the graft. 

Provided the donor tissues have been secured in the manner described 
by Blair and Brown. a covering of petrolatum gauze or scarlet red- 
ointment gauze is applied over the donor area and its use is continued 
for from ten days te two weeks. Usually, at the end of this time the 
dressing need be left in place no longer. Healing is rapid and within 
a few months a fine pebbling of the skin is all that is left in the donor 
area to indicate that tissue has been removed. The area where the graft 
has been applied is not dressed until the sixth or seventh day, provided 
there is no indication for applying a dressing, such as excessive pain, 
foul odor, or elevation of the patient’s temperature. The superficial 
lavers of some parts of the graft usually slough. The overlapping edges 
of the graft do slough and can be eut away. Stitches are removed on 
the tenth or fourteenth day and the area of the graft on each occasion 
is dressed again with searlet red-ointment gauze. The sea sponge is re- 
applied; from its first application when wet, the sponge assumes the 
shape of a mold of the part affected and in many instances serves as an 
excellent splint. Provided all areas have been covered with graft, com- 
plete healing usually will take place in from three to five weeks, al- 
though in some instances the healing about the edges of the normal skin 
will be slow or a central area of poor subeuticular nutrition may lead 
to slow healing in the central area of an excised portion of tissue that 
is the site of roentgen dermatitis. It has been our experience that, if 
wide excision has been done, healing ultimately results in spite of a 
partial ‘‘take’’ of the graft. 

Various Procedures Based on the Principle of the Pedicle Graft.— 
Pedicle grafts of various types were employed 19 times with 4 failures, 
or 21 per cent (Table III). In 3 of the 4 cases in which the results 
were failures, split skin grafts subsequently were completely successful 
and satisfactory as to coverage of the defect, although mobility and 
pliability of the part were somewhat sacrificed. The fourth graft to fail 
was placed on the dorsum of a hand in which the tendons were exposed 
at the time of operation. This patient was being prepared for further 
eratting followed by tendon repair but failed to respond to letters of in- 
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TABLE III 


PEDICLE GRAFTS 


CASE} RESULT OTHER PROCEDURES COMMENT 





| LESION 
57 |Dorsum left foot |Success |Previous amputation| Donor area right leg 

three lateral toes | necessitated pedic le 
| graft from right thigh 

58 \Interscapular Success |None |Graft from adjacent 
region | area on back 

59 |Dorsum right hand Failure |None | Tendons sloughed follow 
ing failure of graft 

60 Palm left hand Success |Supplementary pinch 
grafts 8 mo. later | 

61 Left ankle Success |None 

62 Sole right foot Suecess None | 

63 |Right leg Success | Treatment for some|Sq. cell ep. Grade 3; 


months to infected! graft successful 

edge of graft 

64 |Sole left foot Success | None |Oceasional infection hair 
| follicle in graft 

65 |Right thenar web|Suecess | None 
66 |Dorsum left hand |Success None 





Stiffness hand and 
| fingers 

67 |Dorsum right hand |Success |Subsequent capsulotomy| Abdominal pedicle 

metacarpophalangeal 

| joints, index, middle,| 

ring, and fifth fingers! 

68 |Dorsum right hand |Suecess |Subsequent fashioning of| 

webs of fingers, else-| 

where | 
69 |Palm right hand  |Suecess | None |Sleeve graft from the 
| back; graft over 
| thenar web failed; 
| some stiffness of fin- 


| gers reported 10 yr. 


| 
| 
| 
| 


| later 

70 |Left heel Success |None |Unable to follow patient 

71 |Dorsum left hand |Success |None | 
| and fingers 

36*/Dorsum right Failure |Split-skin grafts even-| Patient pulled off pedicle 
| thenar web tually successful | graft 

47*|Left knee Success |Split-skin graft to|Extensive hemangioma 
sacrum three years! left leg, thigh, buttock 
| later 

51*|Left groin Failure |Split-skin grafts one|Complete healing for 7 
month later | yr. 

55*|Dorsum left foot |Failure |Subsequent s plit-skin|Eventual result satisfac- 
graft successful | tory 














*Since split-skin graft and pedicle graft both were employed in this case, the case 
is represented both in Table II and in this table. 
quiry. Fifteen, or 79 per cent, of this series of 19 grafts were success- 
ful (Fig. 2A and B). In several of the cases, however, subsequent or 
concomitant procedures were necessary, in addition to those of shaping 
and spreading the graft on the defect. Pineh grafts were necessary 
to fill in a defect once. One patient required treatment of the infected 
edge of a graft for several months. Only one pedicle graft was used 
following removal of a malignant growth. 

Defects of the dorsum of the hand, including the thenar web in one 
“ase, Were covered 7 times with delayed or sleeve grafts, the dorsum 
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of the foot twice and the ankle once; the sole of the foot and the palm 
of the hand each was thus covered twice and the heel once. The knee, 
the leg, the groin, the interscapular region, each was the site of various 
types of pedicle grafts. Failures were as follows: 2 referable to the 
dorsum of the hand, 1 in which application was over the dorsum of the 
foot, and 1 attempt to apply a graft to a lesion in the groin. 














Fig. 2.—Feet of a woman aged 27 years. A, At time of admission; roentgen derma- 
titis following treatment for plantar warts two years before; B, following completion 
of excision and pedicle graft to repair defect. 
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The delayed type of flap was used almost entirely. Those for the 
hands were from the abdomen and those for the legs, ankles, and feet 
from the opposite thigh or leg. The areas desired for flaps were out- 
lined; the flaps were raised and sutured twice within ten days and were 
transferred at the end of eighteen days to three weeks. Following the 
second elevation of the delaved flap, split skin grafts taken from the 
thigh were placed beneath the delayed flap corresponding with an area 
which it was estimated would not be covered by the pedicle following 
severance of the flap. The legs were retained in plaster of Paris casts 
until the pedicle had been cut through, usually a matter of another 
three weeks. The donor area usually was well healed by the time the 
area on which the graft was to be placed had been refashioned and the 
graft flattened and made pliable. 

Sleeve grafts of a double pedicle raised from the abdomen, back, or 
thigh are applicable to large defects of the dorsum of the hand, inelud- 
ing the fingers, while single pedicle delayed flaps are useful in treat- 
ment of smaller lesions, especially of the palm and thenar web, or the 
dorsum of the metacarpophalangeal joints. The advantages of the 
delayed pedicle graft in repair of defects of the hands and feet are those 
of pliability and better weight-bearing surface. The disadvantages are 
a relatively long residence in hospital and multiple operations. The dis- 
advantages are important if patients are elderly or if economic welfare 
of the patient is prominent among the considerations. 

A sliding graft was used but once to repair a defect on the back, be- 
tween the scapulae. Tubed grafts were not employed. Grafts by 
successive migration are almost never necessary when dealing with de- 
fects about the extremities. 

Amputation.—Amputations were performed in 15 eases and in 2 of 
these subsequent amputations also were earried out (Table IV). There 
were 2 amputations of the toes, 2 through the thigh, and 11 of the 
fingers; we are speaking of the number of operations, not of the number 
of members removed, for in several instances more than one member 
was removed at one operation. Seven of the amputations were per- 
formed for squamous-cell epithelioma on the basis of complicated roent- 
ven dermatitis, while 1 amputation was done through the middle of the 
thigh for a fibrosarcoma about the knee. The other amputation through 
the middle of the thigh was done for intractable painful roentgen 
dermatitis following extensive irradiation of a giant-cell tumor of the 
upper end of the fibula. Conservative measures had been carried out 
over a period of a year without benefit. 

Subsequent procedures or procedures carried out simultaneously with 
amputation usually consisted of further amputations of other digits, 
as necessity demanded in view of the development of malignancy. Sub- 
sequent and concomitant skin grafting was carried out in 2 cases. 
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TABLE IV 


AMPUTATIONS 





CASE] SITUATION OF LESION | OTHER PROCEDURES 














and right fifth finger 4 yr. 
later 


ring fingers 24% yr. later| 


72 |Right thigh None 
“73 |Left ring finger —*|Right index, middle, and| 


74 |Left thumb (through|Dissection of axillary nodes} 


first phalanx) 
days later 

75 |Right thumb and/Recurrence excised 2 > mo. 
ulcerating stump] later 

right index finger 
(block excision in- 
cluding first and 
second metacarpal 
and multiangular ) 


76 |Seeond, third, and|None 
portion great toe 
and fourth toenail 
of left foot 

77 |Right middle finger |Excision area right fifth fin- 


1 yr. later 


Subsequent excision nail 
left middle finger; ampu- 
tation (elsewhere) distal 
phalanx right middle fin- 
ger 

79 |Right knee (through|Previous excision of ulcers 
thigh) 


78 \Left ring finger 


80 |Right ring finger — 
“81 |Left middle finger 


Left middle finger 15 yr. later, excision and 
pinch grafts for ulcer 
base left index finger, 


> 


site of sq. cell ep. Grade 3 


ag 
82 


83 |Left middle and ring|None 
fingers; right index 
and middle fingers 


“B*|Right index, distallNone 





phalanx 
~ 38*/Right ring finger None 


graft 





57t|Three lateral toes left Subsequent pedicle . 
foot dorsum left foot 











(inflammatory) a few] 


ger and several keratoses} 





COMMENT 


Had been treated medically 


for 1 yr. with excision of 
several sloughs; lesion re- 
sulted from roentgen de- 
struction giant-cell tumor 
of fibula 

Alive and well 5 yr. after 
first amputation; all were 
done for sq. cell ep. Grade 
2 of left ring finger, 
Grade 4 of right index 
middle and ring fingers, 
Grade 2 of right fifth 


singer 





No recurrence 7 yr. later; 
done for Sq. cell ep. Grade 
4 

Sq. cell ep. Grade 3 with 
early recurrence in stump 


Complete recovery; no diffi- 
culty in walking 


Sq. cell ep. Grade 2 right 
middle finger; sq. cell ep. 
in situ right fifth finger; 
sq. cell ep., Grade 1 in 
base of keratoses, finger 
not specified 

Sq. cell ep. Grade 3, left 
ring finger; apparently no 
recurrence in 4 yr. 


Original lesion a fibrosar- 
coma Grade 3; died in 2 
yr. 

Good result; patient fol- 
lowed 8 yr. 


Sq. cell ep. Grade 3; no re- 
currence in 2 yr. 


Good result 


mi 


Sq. cell ep. Grade 3, right 
middle nails of right in- 
dex and ring fingers and 
distal phalanx of middle 
finger removed 

Good result; patient fol- 
lowed 6 yr. 

Good result; patient fol- 
lowed 8 yr. 

Good result; donor area on 
right leg required graft 


*This is one of the 32 cases in which excision was performed. Since amputation 


also was done, the case appears in this table. 


+Since pedicle graft and amputation both were employed in this case, the case is 


represented both in Table III and in this table. 
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Relatively conservative amputations are possible for squamous-cell 
carcinomas which result from complicated roentgen dermatitis because 
spread of the lesion is rare and metastasis late. Axillary dissection was 
performed in 1 case of a squamous-cell epithelioma Grade 4 of the left 
thumb and the nodes gave evidence of inflammatory reaction. 

Full-Thickness Graft.—Full-thickness grafts were performed 8 times 


with 3 failures, or 37 per cent (Table V). Full-thickness grafts ar 


TABLE V 


FULL-THICKNESS GRAFT 


| SITUATION Se es nad oA | ‘ 
CASE | J RESULT OTHER PROCEDURES | COMMENT 
OF LESION | 
oy 





84 |Sole right | Failure|Pinch grafts 10 mo.|First lesion sq. cell ep. Grade 2, 
foot | | and biopsy 5 yr. later| 5 yr. later, lesion Grade 38, 


| with metastasis in groin; pa- 
| tient died hemorrhage artery 
| in groin; foot never healed 


| 
| 
| 
| 





85 |Sole right Success | Supplementary pinch | 
foot grafts 4 mo. later 

86 |Left palm | Success |None Extensive keratosis both hands 
| 7 yr. later 

87 |Dorsum both | Failure |None Only 50 per cent successful on 
| hands the right side 

88 |Left ring | Success |None Sq. cell ep. Grade 1 in situ; 
finger | good result from graft 

89 |Dorsum left | Failure|Later pinch  grafts|/Sq. cell ep. Grade 2; some 
| hand | | partly successful (al-| residual stiffness 
| | so right index) 

90 = | Success |None Sq. cell ep. Grade 2; patient 

right hand | | followed 6 yr. 
52* Hight leg Success |Split skin graft 5 yr.|Patient followed 6 yr. 


previously failed | 








*Since split-skin graft and full-thickness graft both were employed in this case, 
the case is represented both in Table II and in this table. 
particularly applicable when a considerable amount of material has 
been removed as the result of excision down to the deep fascia and when 
the blood supply is not too badly impaired. Four full-thickness grafts 
were used following excision of squamous-cell epithelioma, the result of 
complicated roentgen dermatitis. 

The full-thickness graft, although technically perhaps one of the most 
difficult to use, makes a pliable and natural looking repair, does not 
undergo much shrinkage, and can be used for large defects. <A full- 
thickness graft will not take as readily as the pinch or split-skin graft, 
as our record of failures bears out. Full-thickness grafts should not be 
used on granulating wounds but are best adapted to defects where ex- 
cision and immediate grafting are contemplated. The full-thickness 
graft depends for its nourishment on the tissues with which it has eon- 
tact, similarly to other skin grafts except those transferred by means of 
a pedicle. The nutrition of a full-thickness graft is favored by cutting 
it to the exact size of, or slightly smaller than, the defect that is to be 
covered and suturing its edges exactly to the edges of the defect, under 
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slight tension, so that its vascular spaces will be held open and every 
part of it can be kept closely in contact with the raw surface beneath 
by a pressure dressing. The binding down of the graft and fixation with 
a sterile, wet sea sponge for pressure are similar to the care described 
in relation to a split-skin graft. 

Pinch Grafts.—Pinch grafts were used 16 times, on 11 patients. The 
end results in 4 cases were considered failures (Table VI). These have 


TABLE VI 


PINCH GRAFTS 


SITUATION 


RESULT OTHER PROCEDURES COMMENT 








| 
CASE | ely 
| OF LESION | | 
91 |Soles of feet | Success |None |Patient elderly; temporary re- 
several | | lief of symptoms but subse- 
areas | quent recurrence 
92. |Dorsum left | Success |None Graft to thumb 14 yr. follow- 
hand | | ing other graft 
Dorsum left | Success |None 
thumb | 
95 | Dorsum Failure |None |Amputation advised; patient 
right ankle | | uncooperative 
94 |Dorsum left| Failure |None |Uleer unhealed after 2 yr.; not 
foot | excised prior to grafting 
95 |Left hip Failure |Biopsy: chronic inflam-|Unhealed more than 1 yr. later, 
| mation with foreign! large ulcerated mass; origi- 
| body giant cells | nal lesion chondrosarcoma ; 
| | | proved by biopsy 
5* |Posterior Success |Grafts 4 times previ-|Eventually all grafts took 
right thigh | ously | 
60+ |Palm left | Suceess|Pedicle graft previous- | 
hand | ly | 
82t |Left index | Sueccess|Amputation left middle |Sq. cell ep. Grade 3; no recur- 
finger | finger 15 yr. pre- rence in 4 yr. 
| | viously 
84§ |Sole right Failure |Full-thickness graft 10|Foot failed to heal due to ul- 
foot mo. previously | cerating sq. cell ep. Grade 3 
85§ |Sole right | Success |Full-thickness graft 
foot | previously 
89§ |Dorsum left | Success|Previous full-thickness|Sq. cell ep. Grade 2 dorsum left 
hand graft which failed | hand; some stiffness of hands 
| on follow-up 
Right index | Success |None | 
finger | 














*This is one of the 32 cases in which excision was performed, Since pinch grafts 
also were employed, the case appears in this table. 

+Since pedicle graft and pinch grafts both were employed in this case, the case is 
represented both in Table III and in this table. 

tSince amputation and pinch grafts both were employed in this case, the case is 
represented both in Table IV and in this table, 

§Since full-thickness graft and pinch grafts both were employed in this case, the 
case is represented in Table V and in this table. 


many fields of usefulness in the management of complicated roentgen 
dermatitis. They can be employed following excision and formation 
of granulation tissue or immediately following excision. Pinch grafts 
frequently are applied in stages to large defects. Sometimes, by neces- 
sity, the grafting is repeated, due to the unusual mortality of these small 
grafts. It is advisable, when using pinch grafts, to take many small 
grafts to fill a defect rather than a few large grafts, for the proliferation 
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around the same amount of skin with small grafts is much greater. Fre- 
quently it is advisable to allow granulations to form before applying 
graits, especially when the blood supply of the area which requires 
grafting is of doubtful efficiency. Granulation tissue must be clean, 
firm, and not exuberant. 

It is the custom at the clinic to cover a series of pinch grafts with 
a sheet of gutta-percha, perforated by cutting off the corners of a many- 
times-folded sheet. This is held in place by sponges which are moistened 
with saline solution every three hours for the first three days. 

Biopsy Only.—In every ease in which excision of tissue is done, with 
or without grafting or closure of the wound, biopsy really is per- 
formed, for all excised tissue is sent to the laboratory for microseopie 
examination. There were 2 cases of complicated roentgen dermatitis in 
which biopsy was performed to rule out malignancy. In one of these 
the patient was a man, 51 years of age, who had received roentgen 
therapy for an eczematoid lesion of the left leg. This resulted in 
roentgen dermatitis and was complicated by an injury to the leg which 
refused to heal. On biopsy the tissue was reported to be benign. In 
the second case, a man, fifty-six years of age, had received roentgen 
therapy for eczema of the hands thirty-five years before he came under 
our care. Roentgen dermatitis of both hands resulted and ulceration 
had developed. Biopsy disclosed the presence of inflammatory tissue 
and further surgical treatment was not carried out. 


SUMMARY AND CONCLUSION 


In a series of 97 cases in which various surgical procedures were used 
to aid in the cure of roentgen dermatitis, results were generally satis- 
factory, considering the type of lesion with which we were dealing. 
Plastic repair in such cases may fail, but, in our experience, ultimate 
healing usually will take place if thorough excision of the diseased tissue 
is accomplished. 
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AN INVESTIGATION OF TRAUMATIC SHOCK BEARING ON 
THE TOXEMIA THEORY 
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(From the Mayo Foundation) 


TTEMPTS to discover the cause of traumatic shock have been made 
by many able investigators. As a consequence of their numerous 
researches, many theories have been proposed to account for the chain 
of symptoms associated with this condition. The clinical and experi- 
mental observations made by Cannon,‘ as a member of the Committee on 
Shock during the Great War, led him to conclude that the absorption of 
toxins from injured tissues is the primary cause of traumatic shock. This 
conclusion was supported by the clinical reports of Quénu and of Del- 
bet and by the experimental findings of Bayliss and of Cornioley and 
Kotzareff, to mention a few. 

The plausibility of this theory and the evidence advanced to sup- 
port it were sufficient to place the subject of traumatic shock in the eate- 
gory of ‘‘settled’’ questions for nearly a decade. The researches that 
have been done to test this theory are many. The literature on the sub- 
ject has been reviewed by Boyers and by Moon; therefore reference will 
be made to only a few papers which will serve to orient the work that 
we are presenting. 

The toxemia theory was called into question by the extensive series 
of experiments on traumatic shock reported from 1927 to 1931 by Bla- 
lock, who produced shock in dogs after the manner of Cannon and 
Bayliss. By determining the resulting increase in weight of the trau- 
matized limb by a different method, Blalock coneluded that shock pro- 
duced by such means is the result of local loss of blood and fluids into 
the traumatized limbs or the adjacent tissues. A few months later, 
Parsons and Phemister, using the same methods, likewise accounted for 
traumatic shock on the basis of local loss of fluid. The conclusions of 
many subsequent investigators, working with similar methods, accorded 
with those of Blalock and of Parsons and Phemister. 

Holt and MacDonald and others have been unable to demonstrate a 
toxic substance in blood collected from traumatized limbs and injected 
into another animal. Roome and Wilson expressed, with an hydraulic 
press, fluid from traumatized and normal limbs of dogs. These fluids 
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were injected into other animals. The authors interpreted their results 
as invalidating the toxemia theory of traumatie shock. Phemister by 
a viviperfusion technique did not obtain evidence of toxic substances in 
the dialysate of blood from traumatized limbs. 

O’Shaughnessy and Slome reported a series of experiments in which 
they attempted to discover whether vasodilator substances were present 
in saline solutions perfused through traumatized limbs. They also per- 
formed a number of vividialysis experiments to test for depressor sub- 
stances in the circulation of dogs following trauma. Their technique 
allowed dialyzable substances from the blood of one animal to pass 
through an appropriate membrane to the blood of another without alter- 
ing the blood volume of either animal. From the results of their experi- 
ments they concluded that a depressor substance elaborated at the site 
of trauma was not responsible for the syndrome of traumatic shock. 
Fender and Guptill reported the results of cross-circulation experiments. 
This work was done for the purpose of studying the systemic effects of 
local damage to tissue on another animal isolated, except through the 
circulation, from the animal that had received the trauma. They failed 
to demonstrate the presence of a depressor substance under the condi- 
tions of their experiments. They considered their results strong evi- 
dence against the theory that a lethal toxin is formed in traumatized 
tissues. Dragstedt and Mead tested samples of blood and lymph from 
the damaged tissues on the isolated intestine of the guinea pig and by 
intravenous injection into etherized, atropinized cats for the detection 
of histamine or other physiologically active substances. They were un- 
able to demonstrate the presence of a depressor substance. 

Cannon® emphasized that the toxemia theory of traumatie shock was 
opposed by negative evidence, and, since positive evidence was lacking, 
the exclusion of the possibility of traumatic shock resulting from tox- 
emia was unwarranted. 

The desirability of positive evidence on the toxemia theory is recog- 
nized, but planning experiments that afford a crucial test of the ques- 
tion is another matter. As the problem is examined, the necessity for 
separating the effects of local loss of fluid, caused by trauma, from the 
effects of possible toxic substances is at once apparent. If such a sepa- 
ration could be attained, it would be a step forward. Thereafter other 
features of the problem could be dealt with as they arose. The present 
report comprises our plan of attack and the results of our efforts to 
solve this problem. 

METHODS 


To meet the requirements demanded of the proposed experiments, it 
was necessary to use heart-lung-hind limbs preparations. These prepara- 
tions will be referred to hereafter as the heart-lung-limb. The limbs 
could be traumatized as desired and the consequent loss of cireulating 
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blood volume would not affeet the blood volume of the recipient on which 
the blood from the traumatized limbs was to be tested for toxie sub- 
stances. Blood could be perfused through the traumatized limbs for 
several hours, during which time repeated samples could be removed and 
injected into the recipient. To prevent an increase in blood volume in 
the recipient quantities of blood equal to those injected could be with- 
drawn simultaneously from the recipient and, after defibrination, placed 
in the reservoir of the heart-lung-limb preparation. If toxins were 
elaborated in the traumatized limbs, blood, repeatedly perfused through 
them for several hours, might contain a sufficient quantity of toxie sub- 
stances, if they were present, to cause demonstrable effects on the cir- 
culatory system of the recipient. 

Dogs were used in all experiments. For the heart-lung-limb prepara- 
tion the animals weighed about 12 ke. and for the recipients about 8 kg. 
Pentobarbital sodium (nembutal) was employed as the anesthetie for 
the heart-lung-limb preparation and the recipients were anesthetized 
with ether. After the intravenous administration of pentobarbital 
sodium, 25 mg. per kilogram of body weight, the heart-lung preparation 
was set up. The blood used in the preparations was obtained from 
donors and was defibrinated to prevent clotting. Sufficient heparin 
(Connaught) was added to the apparatus to prevent coagulation of the 
blood of the heart-lung preparation. The posterior portion of the heart- 
lung animal was removed anterior to a wire tourniquet placed tightly 
near the first lumbar vertebra. The aorta and vena cava were can- 
nulated and the aorta was connected with the blood supply from the 
heart-lung preparation. The sectioned muscles and skin were sutured 
and a sponge was forced into the spinal foramina to reduce loss of blood 
from these regions. The hind limbs were then placed in a dry, heated 
chamber. Blood returning from the vena cava was collected continu- 
ously and was either injected into the recipient or returned to the 
heart-lung-limb reservoir. The time required for the isolation of the 
hind limbs was about twenty minutes. During that time the limbs were 
without circulation. 

When the circulation of the heart-lung-limb preparation was estab- 
lished, the recipient was prepared. Anesthesia was maintained by auto- 
inhalation of ether. The blood pressure of the recipient taken from the 
femoral artery was recorded continuously by a mercury manometer and 
kymograph. Heparin (Connaught) was used as the anticoagulant. 
Hemoglobin determinations were made on specimens of blood taken from 
the recipient, using a Cenco-Sheard-Sanford photelometer. The external 
jugular and femoral veins of the recipient were cannulated for the ex- 
change of blood between it and the heart-lung-limb preparation. The 
limbs were traumatized mechanically. The exchange of blood was started 
while this procedure was being carried out or soon after its completion. 
Blood from the hind limbs was allowed to flow into the external jugular 
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of the recipient by gravity. An exchange of 100 ¢.c. of blood was made 
at seven- to fifteen-minute intervals. Simultaneously 100 ¢.c. of blood 
was withdrawn from the femoral vein of the recipient. After being 
defibrinated the blood was added to the reservoir of the heart-lung-limb 
preparation. This exchange of blood continued throughout each experi- 
ment. Control experiments were done in the same way except that the 
limbs were not traumatized. In one experiment the limbs were 
traumatized for two short periods. The limbs of the preparation were 
weighed immediately after removal and at the end of the experiment. 
RESULTS 

The essential data on all experiments are given in Table I. Six ex- 
periments were done in the manner just deseribed. An additional ex- 
periment was carried out early for the purpose of determining the 
effect on the blood pressure of repeatedly withdrawing, defibrinating, 
and reinjecting a dog’s own blood. This experiment, which will be 
briefly described, served as a control on the controls, as it were. 

All procedures were carried out as already described for the recipient 
in the other experiments. Under ether anesthesia a continuous record 
of the blood pressure was made from the femoral artery. The external 
jugular and femoral veins were cannulated for the exchange of blood. 
Enough blood was taken from a donor to furnish 100 ¢.c. of defibrinated 
blood for the first transfusion. While the recipient was being given 
this blood, an equal quantity was withdrawn from the femoral vein. 
The blood removed was defibrinated and returned to the circulation of 
the same dog. This was repeated at approximately ten-minute intervals 
for about three hours. During this time twenty-one sueh exchanges 
were made. That the dog was not seriously affected by the experiment 
was clearly indicated by the fact that the initial blood pressure of 100 
mm. of mercury was maintained throughout the experiment and that the 
animal completely recovered (Table I, Experiment 1). 

In the two control experiments in which the hind limbs of the prepara- 
tion were not traumatized, the blood pressure of the first recipient was 
125, that of the other 90. At the end of the first experiment, which 
lasted four hours and twenty-five minutes, and at the end of the second 
experiment, which ran for three hours and twenty-five minutes, the 
blood pressures were respectively 130 and 70. The hemoglobin values 
were practically unchanged in both cases. There was an inerease in the 
weight of the perfused hind limbs amounting to about 7 per cent. Both 
recipients died, the one used in the first instance after eighteen hours, 
and the one used in the second after about eight hours. The cause of 
death was undetermined (Table I, Experiments 2 and 3). 

It was established by the experiments just described that the blood 
pressure and hemoglobin concentration of the recipients were not seri- 
ously affected during the period of observation as a result of transfusions 
of blood from nontraumatized hind limbs. Therefore, in the remainder 
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of the experiments the hind limbs of the heart-lung-limb preparation 
were traumatized to determine the effect on recipients of blood from 
such limbs. 

In the experiment to be considered now, the perfused hind limbs were 
traumatized for ten minutes at the beginning of the experiment and 
ninety minutes later they were again injured for a period of fifteen 
minutes. The blood pressure of the recipient was 114 at the beginning 
and 104 at the end of the experiment. In all, twenty-one exchanges of 
blood were made in three hours and twenty minutes. The injured limbs 
had increased in weight from 4.75 to 9.5 pounds. The concentration of 
hemoglobin was increased about 8 per cent. The recipient died fifteen 
hours after this phase of the experiment was finished (Table I, Experi- 
ment 4). 

If the traumatized tissues had liberated a toxie substance in the ex- 
periment just deseribed, the quantity was insufficient to affect the blood 
pressure of the recipient more than was done in one of the control ex- 
periments. It appeared that the injury to the limbs should be pro- 
longed and given in one period at the start of the experiment. This was 
done in the three experiments now to be described. 

In the first experiment of this series two control exchanges of blood 
were made before the perfused limbs were injured; the blood pressure 
remained near the control value of 150 to 130. The first exchange of 
b'ood following injury to the limbs for forty-five minutes reduced the 
blood pressure to 104 but it gradually recovered before the next ex- 
change ten minutes later. The blood pressure declined but gradually 
rose to near its previous level after each successive exchange until the 
fifth. Thereafter it continued slowly to decline. When the fourteenth 
exchange of blood from the injured limbs was finished, the blood pres- 
sure had decreased to 50. The administration of the anesthetic was dis- 
continued at this time, which was two hours and thirty-one minutes after 
the first exchange of blood from the traumatized limbs. Administration 
of ether was not resumed for two hours and fourteen minutes. Three 
more exchanges of blood caused an additional decline of blood pressure 
of 10. Subsequently the blood pressure slowly increased to 60, where it 
remained after the final exchange of blood. Failure of the heart-lung 
preparation prevented carrying this phase of the experiment further. 

As already shown, the blood pressure continued to decline for some 
time after ether anesthesia was discontinued. After forty-four minutes 
without ether the blood pressure began to rise slowly. Two hours and 
twenty-five minutes after the last exchange of blood or at the time of 
the final observation at 9:15 p.m., the blood pressure had risen to 90. 

During the period that ether was withheld, the recipient did not move 
spontaneously or respond to any of the usual stimuli. When ether anes- 
thesia was resumed, the blood pressure continued to rise. 

The animal died before morning. It could not have lived more than 
eleven hours. On the basis of post-mortem evidence, it was thought 
that death probably occurred about eight hours after the last observation. 
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The next experiment was similar in most respects to the one just de- 
scribed. The limbs were traumatized for thirty-five minutes, after 
which exchanges of blood were begun. <As a result of ten exchanges 
which required seventy-six minutes, the blood pressure decreased to 70. 
From this point there was a gradual rise in blood pressure for a time, 
but, as the exchanges were continued, a decline began which ended in 
the death of the recipient three hours and twelve minutes after the first 
exchange of blood from the traumatized limbs. 

In the final experiment in this series the limbs were traumatized for 
forty minutes and the procedure followed differed from that already 
described in one particular that may be of significance. After a con- 
trol exchange of blood, which did not affect the blood pressure, two ex- 
changes of blood were made while the limbs were being traumatized. 
Before another exchange was begun, the blood pressure had decreased 
from 120 to 50. During the succeeding seven exchanges, the blood pres- 
sure declined further and the death of the recipient occurred three hours 
and five minutes after the first exchange of blood from the injured limbs 
(Fig. 1). When the blood pressure had reached a low level, the admin- 
istration of ether was repeatedly stopped, in one instance for twenty- 
five minutes, but the blood pressure was unaffected. The heart-lung 
preparation failed after the seventh exchange of blood, but perfusion 
of the limbs was continued with a Dale-Schuster pump. The inerease 
in the concentration of hemoglobin of the recipient was about 8 per 
cent in the last two experiments. The weight of the traumatized limbs 
was nearly doubled in all of the experiments. 

At the end of each experiment the muscles of the perfused limbs were 
stimulated with an induced current. There was a vigorous response in 
every instance, which demonstrated the excellent physiologie condition 
of the muscles of the limbs (Table T). 


COMMENT 


Moon has summarized the evidence against the toxemia theory of 
traumatie shock and has concluded that the methods used, the results 
obtained, and the interpretation of the data do not justify the exclusion 
of the toxemia theory of shock from further consideration. 

The difficulty of distinguishing between local loss of fluid and the 
effect of possible toxie substances was circumvented in our experiments 
by complete isolation of the traumatized limbs from the test animal or 
recipient. The possibility of a toxie substance being liberated in amounts 
insufficient to produce an effect on a single injection was met by re- 
peated injections of blood from the injured limbs. The contention that 
massive injections of blood or fluid might conceivably mask the pres- 
ence of toxins by inereasing the blood volume of the recipient sufficiently 
to offset the depressor effect of such toxins as might be present was met 
by removing from the recipient a volume of blood equal to that injected. 
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That this treatment alone using the dog’s own blood did not have seri- 


ous consequences was shown by the first experiment described. 
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The fact that the recipients in the control experiments died several 
hours after the completion of the experiments cannot be ignored. We 
recognize the value of a thorough investigation of the ultimate cause of 
these deaths not only because of its bearing on the present discussion, 
but also because of its possible importance in connection with the sub- 
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ject of perfused organs generally. The importance of the fact that the 
recipients in the control experiments did not show severe reactions dur- 
ing the period of observation should be stressed, however, since the 
recipients of the blood from the severely traumatized limbs were de- 
cidedly affected within forty minutes after the first exchange of blood. 
We can state without hesitation that the anesthetic was not responsible 
for this result. Ether was used for the reason that it could be readily 
controlled or withheld as oceasion demanded. That the low blood pres- 
sure seen early in certain of the experiments was not owing to the anes- 
thetie was proved by the fact that a change in the animal’s condition 
was not seen when the anesthetic was withdrawn for as long as one hour. 

By the process of elimination there seems no other alternative but to 
acknowledge that severe trauma to the perfused hind limbs was produe- 
tive of results significantly different from those of the control experi- 
ments. Whether some factor not recognized by us in our experiments 
was responsible for the rapid death of the recipients of blood from 
severely traumatized limbs or whether toxie substances arising from the 
injured tissues were responsible must be decided by further research. 
The most that ean be said at present is that our results furnish sugges- 
tive evidence for the toxemia theory of traumatie shock. 


SUMMARY AND CONCLUSIONS 


By means of heart-lung preparations, the hind limbs of dogs have 
been perfused and the effect, on recipients, of blood from perfused un- 
affected and traumatized limbs has been observed. While 100 ¢.e. of 
blood from the perfused limbs was being given to the recipient, an equal 
quantity was withdrawn, defibrinated, and added to the blood reservoir 
of the heart-lung-limb preparation. As many as twenty-three exchanges 
of blood were made during the course of the experiments which ran from 
two hours and twenty minutes to four hours and twenty-five minutes. 

Blood from unaffected limbs or from limbs traumatized for short 
periods did not produce shock in the recipients as determined by blood 
pressure and the coneentration of hemoglobin during the period of ob- 
servation. However, death occurred in one experiment eight hours and 
in another eighteen hours after the experiments were completed. Blood 
from limbs traumatized for thirty-five to forty minutes caused a sig- 
nificant decrease in blood pressure within forty minutes after the first 
exchange of blood and death a few hours thereafter. Repeated removal, 
defibrination, and reinjection of a dog’s own blood was without effect 
on the blood pressure and the animal so treated fully recovered. 

The bearing of anesthesia and certain other factors on the results has 
been discussed. 

It is concluded that the results of the experiments described in this 
report furnish suggestive, but not conclusive, evidence for the toxemia 


theory of shock. 
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REPORT OF FIFTY-NINE CONSECUTIVE CASES OF UN- 
UNITED FRACTURE OF THE NECK OF THE FEMUR 
Pau. B. Macnuson, M.D., Cuicaco, IL. 


HIS report is based on the operative treatment of 59 cases of un- 

united fracture of the neck of the femur; 41 have been done accord- 
ing to my modification of the Brackett operation; the remaining 18 
‘ases have been divided as follows: 7, Whitman operation; 5, high 
intratrochanterice osteotomy ; 2, Colonna operation; and 4, miscellaneous. 
By miscellaneous is meant that the operation could not be classified as 
any one of the preceding, and was devised to suit the needs of the 
particular ease. 

The ages of the patients varied from 34 to 84 vears, with an average 
age of 57. The weight varied from 240 to 115 pounds, with an average 
weight of 159. Females predominated in a ratio of 3:1. The average 
shortening before operation was 1.5 inches; after operation, 84 inch. 
The average period of time between injury and operation was 18.5 
months, the longest interval being 84 months and the shortest 3 months. 

This report covers a period from 1925 to 1937, inclusive. We have 
been able to follow all these cases with one exception and have been able 
to examine most of them for a number of years following operation. 
Some of the older cases have been followed by letter during recent 
years. The results are based on the patient’s estimate as judged by 
letter or statement, plus observation by examination. 

In selecting any operation, the surgical risk involved for the ease 
in hand is one of the most important considerations. The operation 
has not proved to be shocking. High blood pressure was not considered 
a contraindication. Obesity complicated the mechanical difficulties, but 
it is not in itself a contraindication. Avertin with nitrous oxide has 
been the anesthetic of choice and was used in all these cases. There 
have been 2 deaths in the entire series, including all types of opera- 
tion, a mortality of less than 4 per cent. The operating time varied 
from 45 minutes to 1 hour and 10 minutes. 

The basie principles to be fulfilled in this procedure are to re-establish 
normal weight-bearing between the shaft of the femur and the acetabu- 
lum (Fig. 4). Whether the head should be interposed in one way or 
another depends largely on its condition at the time of operation. There 
has been a good deal of discussion about the viable head. It is my 
opinion, after having followed some of these cases for fourteen years, 
that in many eases it is impossible from the x-ray evidence alone to 
determine whether or not the head is viable. The type of operation 
is not decided upon until the fracture is exposed and the head, the 
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remainder of the neck, and the upper end of the femur are inspected. 
In many cases where the x-ray shows necrotic areas and one would 
suspect that the head was at least partly necrotic in the sense of lacking 
circulation, it has been found that, if put to work, the head will bear 
weight and function normally. Even after a period of nine years of 
such apparently normal function, the x-ray has shown the same 
necrotic areas. We, therefore, judge whether the head shall be re- 
moved or shall be put to work, at the operating table, without any 
definitely preconceived idea of what operation will be done. 

If the head is firm and ean be freely moved in the acetabulum after 
the fibrous tissue is thoroughly dissected away from the fractured 
surface and the rim of the acetabulum, or if there is any bleeding 
from the fractured surface of the head after the fibrous tissue is thor- 
oughly removed, the head is fitted over the end of the shaft of the 
femur in the way described previously.!. I believe that, if the head is 
brought into wide contact with the upper end of a well-nourished 
shaft and held firmly between that shaft and the acetabulum, the cir- 
culation is restored sufficiently to allow the head to function. The 
‘artilage of the head and the cartilage lining the acetabulum must also 
be free from adhesions, and, although there are many times areas of 
erosion in this cartilage, the head will bear weight painlessly and re- 
main freely movable. The cartilage should be examined as carefully 
as possible by rotating the head, but not completely displacing it. There 
must be sufficient capacity in the remaining head to allow excavation 
of proper size and shape to receive the upper end of the shaft. The 
fibrous tissue which frequently completely binds the head to the 
acetabulum must be removed to allow the remaining head absolutely 
free motion. If this is not done, the shaft will pry out of its new 
position. To assure success, it must be possible to place the head in a 
valgus or adducted position in direct weight-bearing line with the 
shaft, and it must maintain that position when the thigh is in not more 
than 15 degrees of abduction. If the upper end of the shaft actually 
slips out of the head when the leg is brought parallel to the long axis 
of the body, it is possible that there is a lever action between the shaft 
and ‘the hypertrophied and searred transverse acetabular ligament. 
It should be possible to place the head in marked valgus position with- 
out unduly stretching the ligamentum teres. 

If these conditions can he met, the modified Brackett operation re- 
sults in more painless, movable, weight-bearing hips than any other 
reported here, excepting the high oblique intratrochanteric osteotomy. 
This is done on eases that have good apposition, with the idea only of 
restoring the weight-bearing line between the shaft and the head, 
assuming that there is very heavy fibrous or partial bony union. In 
selected cases this procedure gives most satisfactory results. 
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The question has been asked what type of case is best suited for 
the modified Brackett operation. As mentioned before, we have made 
no choice so far as type of physique is concerned. We believed that 
all the patients upon whom we operated had no serious disease and 
had a number of years of useful life ahead of them if they could walk. 
We did not consider age; two were more than 80 years of age. Both 
these patients are living at this time, one being now over 90 years of 
age. One, a man, weighed 130 pounds and the other, a woman, 
weighed 175 pounds. 

The decision for the type of operation is never made definitely 
until the joint is exposed. No consideration has been given to the 
portion of the neck remaining. In all cases the neck was completely 
absorbed so far as the x-ray showed, but in some there was consider- 
ably more bone than was apparent in the x-ray. 

The technique employed is an anterior approach along the lateral 
border of the sartorius muscle, extending backward somewhat along 
the outer edge of the ilium. The attachment of the rectus femoris is 
exposed and cut transversely or obliquely through its tendinous origin. 
The muscle is turned down and covered with a warm moist laparotomy 
pad. The eapsule is exposed; the plexus of veins which lies immedi- 
ately anterior is clamped and ligated; and the anterior capsule is cut 
parallel to its fibers which, because of the displacement of the shaft, 
will be found to run transversely instead of obliquely. The capsule 
is then cut away from the acetabulum and removed as completely as 
possible down to its attachment on the shaft. The heavy fibrous tissue 
which lies between the head and the shaft is completely removed. Any 
adhesions and all fibrous tissue around the head or extending between 
the head and the edge of the acetabulum are completely removed. Again 
mentioning this may seem superfluous, but it is an extremely important 
factor in the suecess of the operation. A sharp chisel is used to re- 
move the fibrous tissue from the fractured surface. Observation is 
made as to whether there is any bleeding from the head, the density 
and consistency of the bone, and the size of the remaining portion of 
the head. When the fibrous tissue is completely removed from the 
space between the shaft and the head in this dissection, a Murphy 
skid is used to pry the shaft outward and hold it away from the 
acetabulum, completely exposing the fractured surface of the head. 

When the head is free and the shaft pulled away so that there is 
good apposition, the head is rotated in all directions and the cartilage 
of the acetabulum and head is examined to note any serious erosion 
of cartilage, the color and thickness of the cartilage, and whether there 
are any adhesions between the cartilaginous surfaces. If the liga- 
mentum teres has not been torn, the head cannot be rotated more 
than 50 per cent. I have replaced the head on the end of the shaft, even 
when the ligamentum teres was torn, and seen it function in one case over 
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a period of seven vears without any further necrosis. If the ligamentum 
teres is intact, it should be noted whether the head can be rotated in a 
valgus position without putting undue tension on this ligament. 
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Fig. 1.—Magnuson’s modification of Whitman and Brackett hip reconstruction. 
a, Line of skin incision; b, exposure of capsule of hip and lines of incision in the 
capsule; c, attachment of muscles in vicinity. The anterior rectus femoris attachment 
must be severed in most cases. (From Magnuson: Fractures, J. B. Lippincott Co.) 

It is at this point that the decision is made as to whether or not the 
modified Brackett type of operation is indicated. If so, the upper end 
of the shaft is brought forward into the wound and internally rotated. 
The greater trochanter is removed by a broad chisel, preferably 
slightly curved. The posterior edge of the chisel is placed in such 
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a way that it will sever the posterior lip of the greater trochanter 
which lies a considerable distance back of the neck at its base. The 
trochanter is removed by driving the chisel downward, backward, and 
outward. The chisel must be placed in such a way that it will remove 
not only the top of the trochanter lying above the base of the neck, 
but also the reflecting posterior lip far enough down to prevent inter- 
ference with bringing the shaft up into the head. If this lip is not 
removed, it strikes the posterior rim of the acetabulum and interferes 
with fitting of the shaft into the head, and in abduetion will pry 
the shaft out of the head. 


; 







_--Spongy union separated 


Trochanter 
chiseled off 









Gartilaginous 
attachment between / 
acetabulum and _ 
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Head scooped out: 


Line of separation of trochanter from femur 
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Fig. 2.—Second stage of reconstruction of hip. a, Large mass of fibrous tissue be- 
tween head and trochanter removed; b, line of incision for removal of trochanter; e, 
hollowed-out head and rounded end of shaft, the curves of which correspond. (From 
Magnuson: Fractures, J. B. Lippincott Co.) 

The end of the shaft is then freed from all attachments of musele 
and fibrous tissue for a distance of 1.5 to 2 inches, and shaped some- 
what in the form of a parabola, not a hemisphere. The head is then 
excavated with a motor-driven burr, an enlargement of a round dental 
burr. The apex of the parabola is directed toward the junction of the 
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upper and middle thirds of the are of the head, which has been 
shaped to correspond with the upper end of the shaft. This must be 
in full view in the operative field. When the cavity has been pre- 
pared to correspond to the upper end of the shaft, the small end of a 
Murphy skid is placed within the cavity ; the leg is brought into abdue- 
tion and the shaft pried into the head. It will sometimes be found 
that the cavity is not large enough, and several fittings may be neces- 
sary. The test we use is to rotate the shaft and see if the head follows 
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Fig. 3.—Third stage of operation. Rounded end of shaft fitted into hollowed-out 
head; trochanter replaced downward and outward from its original location. a, Posi- 
tion of shaft in head at completion of operation; b, head hollowed out in the form of a 
parabola, with the end of shaft fitted into it and the trochanter attached to the upper 
end of the femur below and lateral to its former position; c, closure of capsule. 
(From Magnuson: Fractures, J. B. Lippincott Co.) 
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it freely in all its motions, then adduct to 15 degrees and abduct to 
45 degrees. If the shaft has a tendency to pry out of the head when 
the leg is brought parallel to the long axis of the body, it is probable 
that it does not fit deeply enough into the head; or that the eavity 
in the head is not properly shaped to retain it firmly; or that the 
transverse ligament of the acetabulum is acting as a fulerum; or the 
ligamentum teres limits the head in valgus position. If the transverse 
ligament is at fault, it must be cut so the shaft may be moved medially. 

After the shaft has been well fitted into the head and has been 
tested to see that the head follows all motions of the shaft freely, the 
leg is brought into 30 degrees of abduction. A two-prong sharp hook 
retractor is caught over the tip of the trochanter and it is dragged 
downward and outward as far as possible. A piece of malleable iron 
wire or heavy braided silk is passed through the muscle attachment 
at the tip of the trochanter, and through a hole drilled in the cortical 
bone of the shaft in the lower angle of the incision. The trochanter 
is then held firmly in a position which displaces it downward and 
outward. One loop of strong material is sufficient. The tendon of 
the rectus femoris is sutured and the wound closed. The eapsule 
has been cut away; therefore, there is nothing overlying the fracture 
except the reetus femoris. Ileavy compression dressings are applied 
with a spica muslin bandage. 

Postoperative fixation is by Adams’ abduction plaster boots, each lee 
being abducted about 30 degrees. These boots are bivalved, and 
motion is started in the well leg in three or four days. Flexion of the 
knee and ankle, and active resistance muscle exercises are given 
daily. The patient is allowed to sit up in bed and is turned prone 
for one hour twice each day. Motion in the operated leg is started 
within a week, and, the cast being bivalved horizontally, the knee and 
ankle are given active exercise. The hip is flexed, but is never brought 
into more than 20 degrees of adduction and out as far as 45 degrees 
of abduction. When the patient is turned, after the first two weeks, 
a pillow is placed under the knee of the injured leg in order to retain 
full extension of the hip. 

Weight-bearing is permitted in eight weeks. There is no protection 
in the way of a splint. The patient is usually started walking sup- 
ported by two individuals in whom he has confidence. This is im- 
portant. The surgeon and his first assistant can accomplish much more 
in the first two weeks than ean be gained by the use of crutches 
in a number of weeks. The patient is urged to put full weight on the 
hip. There may be some tenderness, but it seems to be largely in 
the muscles and not in the joint. If the head remains firmly on top 
of the shaft, with direct weight-bearing between the head and the 
shaft and acetabulum, no pain oceurs in the joint, and the shaft is 
constantly foreed into the head. 
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Kight weeks is adequate time for the trochanter to unite. We have 
never seen a case in which the trochanter has failed to unite. It seems 
that the time of the surgeon and his first assistant is well spent in 
the first few days of walking, in the establishment of confidence in the 
mind of the patient that the hip is solid and weight can be borne with- 
out fear. Some younger patients have used crutches only for two 
weeks, and then resorted to canes. As soon as the muscles are able 
to support weight, if the head is in the position it should be, there 
is no feeling of weakness, because there is firm support between the 
shaft and the head of the acetabulum. 





Fig. 4.—Firm impaction in valgus position is the ideal way in which the head should 
be interposed between the shaft and the acetabulum. 

The percentage of bony unions is undeterminable. In cases which 
have been walking for eight or ten years after this operation, the re- 
turn to continuous bony structure is so gradual that we have not been 
able to determine when it occurs. We believe that there is probably 
not bony union at the time weight-bearing is allowed, but, judging 
from experience, if the head is free in the acetabulum and the weight 
is transmitted in direct line with the head held firmly between the 
shaft and the acetabulum, even in a dead head creeping substitution 
will take place. 
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The only specimen which we have been able to obtain was one in 
which there was microscopic evidence of bony union. The fracture oe- 
curred eighteen months prior to the operation and the specimen was 
obtained at autopsy three months after the operation. 

Of the 41 cases reported, 28 were good, painless functioning hips 
and bore weight painlessly, allowing the patient to resume his former 
occupation. The question has been asked whether the patient could 
dress the foot on the injured side. Whether all could do so we cannot 
say. The records were not made with this in view. The patients 
have not complained of this, and all have been able to sit comfortably 
in a chair and bend the knee to a right angle or better. 

In the remainder of the cases there have been two deaths. In six 
the results were poor, the shaft having slipped out of the head with 
lack of weight-bearing stability. In one of these a Whitman operation 
has been done and in another a high osteotomy, within the last two 
vears. Both of them are now bearing weight with comfort. One 
head collapsed and gradually disintegrated except for the weight- 
bearing fragment, but the function remained good. One case is ques- 
tionable. The patient felt that the hip was much improved. She was 
walking with a cane, but I could not determine that there was good 
weight-bearing, and in our opinion the lesser trochanter was bearing 
against the lower edge of the head which had rotated into a valgus 
position. Irom one patient we have been able to get no report. 

In no ease has flattening of the head been seen such as is found 
following dislocation of the hip. 

Mention must be made of the distorted appearance of the hip seen 
oceasionally following operation. It seems almost impossible to re- 
produce in the x-ray what is seen at the operating table. The cases 
which give an impression of great security and good alignment at the 
operating table show the shadow of bone apparently in a position 
which could not bear weight, yet the case progresses to a satisfactory 
result. 

This operation has also been used in subeapital fracture of the neck 
of the femur in six cases and in these fresh fractures it has resulted 
in complete restitution to normal. In ununited fractures, however, be- 
cause of the absorption of bone of the neck of the femur, the formation 
of large amounts of fibrous tissue within the capsule, the hardening 
of the capsule, and the weakness of the muscles from long disuse, this 
‘annot be achieved. There must be some shortening because of the 
absorption of the neck, and this in itself interferes with the normal 
‘ange of motion in the hip. The amount of dissection necessary at 
the time of operation is so extensive that there is probably consider- 
able sear tissue around the hip joint. Many months are required for 
the reestablishment of control of the hip joint by the muscles which 
are responsible for its motion. 
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Nevertheless, when the shaft of the femur bears weight in direct 
line with the head and into the acetabulum, a comfortable, weight- 
bearing hip with a movable head can be obtained. The patient can be 
restored to useful activity and be comfortable for the remainder of 
life so far as the hip is concerned, in spite of the fact that extremes 
of motion may never be established. Restitution to complete normal, 
however, in my opinion is not to be expected in any reconstruction 
operation for long-existent ununited fractures of the neck of the 
femur. 
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AN ANATOMIC AND ROENTGENOLOGIC STUDY OF THE 
WRIST JOINT 


OBSERVATIONS ON A CASE OF RECURRENT RADIOCARPAL DISLOCATION 
COMPLICATING MADELUNG’S DEFORMITY AND Its SURGICAL 
(CORRECTION 


THoMAS’ Horwitz, M.D., PHILADELPHIA, PA. 


HE MOVEMENTS of the wrist joint are shared by several articula- 

tions: the radiomeniscocarpal, intercarpal, and carpometacarpal 
joints. The radius and articular disk form a transversely elliptical, econ- 
“ave surface (the glenoid), and the navicular, lunate, and triangular 
‘carpal bones form a smooth convex surface (the condyle). The inter- 
carpal joints include the arthrodial joints between the carpal bones in 
the proximal and distal rows and the S-shaped articulation (medio- 
‘arpal) between the two carpal rows (Fig. 1). Since the wrist lacks 
only marked rotation on a vertical axis (it possesses this motion to a 
limited extent), it has most of the movements of an enarthrodal joint, 
without the structural weakness peculiar to such joints. Pronation and 
supination in the forearm supplement the cireumduction possible in the 
wrist joint complex, duplicating all the movements possible in a ball- 
and-socket joint. 


LIGAMENTS OF THE WRIST JOINT 


The anterior radiocarpal ligament runs obliquely from the radial 
styloid process and articular margin downward and ulnarward to at- 
tach to the navicular, lunate, and triangular bones of the proximal carpal 
row and to the capitate bone (os magnum) in the distal row. The an- 
terior ulnarcarpal ligament runs obliquely downward and radialward, 
crossing behind the radioearpal ligament, from the ulna to the capitate. 
The posterior radiocarpal ligament passes downward and ulnarward 
from the articular margin of the radius to the lunate and eapitate. The 
internal lateral (ulnar collateral) ligament descends from the ulnar sty- 
loid process and divides, the anterior fasciculus going to the pisiform 
bone, the posterior to the triangular bone. The external lateral (radial 
collateral) ligament passes from the radial stvloid process to the antero- 
external surtace of the navicular bone. The carpal bones are held to- 
gether by short volar, dorsal, and interosseous ligaments (Figs. 1 and 3). 

The anterior ligament is strong and thick; the posterior hgament is 
comparatively thin. The latter, however, is strongly reinforced by the 
fibrous sheaths of the extensor tendons with which it is intimately 
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blended and by the extensor tendons themselves. This intimate relation 
is not present on the flexor surface. The collateral ligaments become taut 
only at the extremes of abduction-adduction, flexion-extension, and pro- 
nation-supination ; they are relatively relaxed in all other positions. 

In order to determine what the strength and integrity of the wrist joint 
depended upon, the upper extremities of four human cadavers were dis- 
sected, with the following conclusions: 





Fig. 1.—Section of hand, wrist, and lower forearm in the frontal plane: R, radius ; 
U, ulna; n, navicular; 1, lunate; t, triangular; m, os magnum (capitate) ; h, hamate; 
Lm., lesser multangular; g.m., greater multangular; fe, triangular fibrocartilage ; 
r.c.l., radial collateral ligament; wu.c.l., ulnar collateral ligament. 


1. The strength of the wrist joint and the prevention of preternatural 
mobility (anteroposterior and lateral displacement, distraction) are de- 
pendent upon (a) the extensor tendons which are intimately related to 
the posterior surfaces of the radiocarpal and mediocarpal articulations, 
especially those of the extensor carpi radialis longus and brevis, and, to a 
less extent, of the extensor digitorum communis (Fig. 2 a and b); and 
(b) the sheaths of these extensor tendons, which intimately blend with 
and reinforee the thin posterior capsule and radiocarpal ligament (Fig. 
2a). 
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2. The integrity of the distal end of the ulna and the prevention of its 
displacement depend, in the order of their importance, upon (a) the 
extensor carpi ulnaris tendon and its sheath (Fig. 2 a), (b) the triangu- 
lar fibrocartilage, and (c) the anterior and posterior distal radioulnar 
ligaments. 





Fig. 2.—a, Cross section of the right forearm 1.25 cm. proximal to the dorsal margin 
of the radiocarpal joint: R, radius; U, ulna; i.m., interosseous membrane; /, palmaris 
longus tendon; 2, median nerve; 3, flexor carpi radialis tendon; 4, flexor pollicis longus 
tendon; 5, radial artery; 6, abductor pollicis longus tendon; 7, extensor pollicis brevis 
tendon: 8, extensor carpi radialis longus tendon; 9, extensor carpi radialis brevis 
tendon; 10, extensor digitorum communis and extensor indicis tendons; 11, extensor 
digiti quinti tendon; 12, extensor carpi ulnaris tendon; 13, ulnar nerve; 14, ulnar 
artery; 15, flexor carpi ulnaris tendon; 16, flexor digitorum sublimis tendons; 17, 
flexor digitorum profundus tendons; 78, pronator quadratus; 19, extensor longus pol- 
licis tendon. b, Cross section of right wrist 2 em. distal to the dorsal margin of the 
radiocarpal joint: p, pisiform; t, triangular; h, hamate; m, os magnum (capitate) ; n, 
navicular; J, flexor carpi ulnaris tendon; 2, ulnar nerve; 8, ulnar artery; 4, flexor 
digitorum sublimis and profundus tendons; 5, palmar fascia; 6, flexor pollicis longus 
tendon; 7, flexor carpi radialis tendon; 8, abductor pollicis longus tendon; 9, extensor 
pollicis brevis tendon; 16, extensor pollicis longus tendon; 11, extensor carpi radialis 
longus tendon: 12, extensor carpi radialis brevis tendon; 13, extensor digitorum com- 
munis and extensor indicis propius tendons; 14, extensor digiti quinti tendon; 15, 
extensor carpi ulnaris tendon. 


COMPARATIVE ANATOMY OF THE COLLATERAL LIGAMENTS OF THE WRIST AND 
OTHER JOINTS 


The integrity and stability in such articulations as the knee and inter- 
phalangeal joints rests mainly upon the collateral ligaments. The col- 
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lateral ligaments inhibit extension beyond 180° when they are taut; they 
relax in partial flexion, permitting some lateral motion, and become taut 
again in acute flexion. In the knee lateral motion in flexion is inhibited 
by the anterior expansion of the internal lateral hgament and by the 
crucial ligaments.' In the interphalangeal joints the tautness of the col- 
lateral ligaments in extension is augmented by the shape of the articular 
surface of the phalangeal head which is not a true cirele. The ends of the 
lateral ligaments in this joint lie anterior to the transverse axis, which 
itself is variable because of the spiral shape of the articular surface.* 

In the elbow and ankle joints the collateral ligaments play their role 
secondarily, since the avoidance of preternatural mobility in these joints 
depends more upon the accurate adaptation of their bony components. 
The lateral ligaments are triangular with their bases distalward and are 
composed of three fasciculi. The axis of the joint lies somewhere between 
the anterior and posterior bands, so that these fasciculi become tensed in 
different positions of the joint. Since the trochlea of the humerus is 
spiral-shaped and not truly circular, and sinee the ulnar articular sur- 
face is widest distally, lateral motion becomes possible in partial flexion 
of the elbow joint. In the ankle joint, since the superior articular surface 
of the astragalus is widest anteriorly, lateral motion is present when the 
foot is plantar flexed. 

Unlike the knee and interphalangeal joints which depend for stability 
and integrity almost entirely upon their collateral Hgaments, and the 
elbow and ankle joints which depend more upon their osseous components 
than their collateral ligaments, the wrist joint relies for its integrity 
upon the extensor tendons and their tendon sheaths which so intimately 
merge with the posterior joint capsule. Its functional efficiency is en- 
hanced by the multiplicity of components that make up its joint complex. 


MUSCLES ACTIVATING THE WRIST JOINT 


The tendon of the flexor carpi ulnaris muscle, crossing by way of the 
pisiform bone to the base of the fifth metacarpal bone and hamate hook, 


the palmaris longus crossing in front of the annular ligament, and the 


tendon of the flexor carpi radialis crossing the prominent navicular 
tubercle and the groove of the greater multangular to the bases of the 
second and third metacarpal bones, le so far anterior to the transverse 
axes of the wrist joint that they have a superior functional advantage 
over the extensors of the wrist joint which hug the distal radial surface 
closely (Boileau Grant?). However, upon this lesser mechanical advan- 
tage of the extensor carpi radialis longus and brevis and the extensor 
carpi ulnaris tendons depends much of the strength of the wrist joint 
(vide supra) (Fig. 2b). These flexor and extensor tendons, excepting 


*The mechanism operative in the metacarpophalangeal articulation is different in 
that the collateral ligaments are relaxed in extension and taut in flexion due to the ec- 
centric attachment of these ligaments to the metacarpal head. Thus, lateral mobility 
is present in extension, but diminishes and disappears as flexion increases. 
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the palmaris longus, by inserting into the bases of the metacarpal bones 
activate all the joints involved in wrist motion, the radiomeniscocarpal, 


medioearpal, and carpometacarpal articulations. 
MOVEMENTS OF THE WRIST JOINT 


The amplitude of motion is greater in the cadaver than in the living 
subject, and is greater on passive than on active motion (Ghigi*®). All 
movements occur about axes which are distal to the medioearpal articula- 
tion, so that the proximal carpal row and the proximal end of the capitate 
move in opposite direction to that of the hand in all planes. 

The studies of Henke,* Cunéo and Veau,°® and Fick® indicate that these 
axes are not placed so simply as in the frontal plane for flexion-extension 
and in the sagittal plane for radial and ulnar abduction, perpendicular 
to each other and traversing the center of the head of the capitate bone. 
According to Cunéo and Veau, the radiocarpal and medioearpal joints 
have common axes which are oblique, directed from anterior and inward 
to dorsal and outward for the former, and from anterior and outward to 
dorsal and inward for the latter. Fick believes that these axes are not 


only oblique in the transverse plane, but also inclined upon a horizontal ; 


i.e., In an oblique plane from below and forward to upward and _ back- 
ward. Radial abduction, therefore, results from flexion of the radio- 
carpal joint and extension of the mediocarpal joint ; ulnar inclination is 
due to extension of the radiocarpal and flexion of the mediocarpal joints. 
These opposite movements annul each other to give true lateral motion. 
Cunéo and Veau also believe that in flexion there must also oceur some 
radial abduction in the radiocarpal joint and some ulnar abduction in 
the mediocarpal joint, these opposite movements annulling each other 
to give true flexion; the reverse oceurs in extension. This latter conten- 
tion is not accepted by Fick. 

There is much disagreement as to the part played by the radiocarpal, 
medioearpal, and carpometacarpal joints in wrist motion, both in ana- 
tomic textbooks (Morris,’ Poirier and Charpy’), and in special roent- 
venographie studies (Wright,? Corson??). In my own roentgenographie 
studies I have noted considerable variation in the amplitude of motion, 
not only in the normal wrists of several subjects, but also in the two 
wrists of the same subject. An effort is made here, by using the aver- 
ages of the roentgenographic measurements in several normal cases, to 
represent accurately the part played by the various units of this joint 
complex. 

I. Dorsiflexion and Palmar Flexion.—1. In dorsiflexion, motion in the 
radionavicular (radioearpal) joint exceeds that in the lunate-capitate 
(mediocarpal) joint (52:33°), but motion in the radiolunate (radio- 
carpal) joint is less than that in the lunate-capitate (mediocarpal) 
joint (24:33°). 
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2. In palmar flexion, motion in the lunate-capitate (mediocarpal ) 
joint exceeds that in both radiolunate (67:18°) and radionavicular 
(67 :49°) radiocarpal joints. 

3. Motion in both directions, in the radiocarpal articulation, is greater 
in the radionavicular than in the radiolunate joints (88 :43°). 

4. The range of flexion in the wrist joint (radiocarpal, mediocarpal, 
carpometacarpal) is only slightly exceeded by the range of extension 
from the neutral position (68:69°), a total of 137°. 

Il. Radial and Ulnar Abduction (In Supination).—1. In radial ab- 
duction more motion occurs in the lunate-capitate (mediocarpal) joint 
than in the radiolunate (radiocarpal) articulation (9:5°). 

2. In ulnar abduction motion is equally distributed in both carpal 

3. The combined range of radial and ulnar abduction is 74°, the 
amplitude of ulnar abduction being three times that of radial abdue- 
tion (56:18°). 

IIT. Radial and Ulnar Abduction (In Pronation).—1. In radial ab- 
duction almost the entire motion occurs in the lunate-capitate (medio- 
earpal) joint, only a very slight shift occurring in the radiocarpal joint 
(26:1°) between the radius and lunate bone. 

2. In ulnar abduction, motion in the radiolunate (radiocarpal) joint 
is five times that in the lunate-capitate (medioearpal) joint (25:5°). 

3. The total range of radial and ulnar abduction is 63°, the ampli- 
tude in ulnar abduction only slightly exceeding that of radial abdue- 
tion (34:32°). 

IV. Rotation of the hand on a vertical axis (45°) augments the range 
of supination and pronation. It oceurs in both radiocarpal and medio- 
carpal joints and in the arthrodial joints between the individual carpal 
bones, rotation occurring about the vertical axis of the eapitate bone. 

V. Anteroposterior mobility of the hand on the forearm is only ap- 
parent, since on lateral roentgenograms of the wrist no true active or 
passive displacement occurs. What does occur is dorsiflexion in the 
radiolunate (radioearpal) joint and palmarflexion in the lunate-capitate 
(mediocarpal) joint upon forceful posterior displacement of the hand, 
while palmar flexion in the radiolunate (radiocarpal) and dorsiflexion 
in the lunate-capitate (mediocarpal) joints oceur on foreeful anterior 
displacement of the hand on the forearm bones. 

VI. Circumduction is a composite of the four successive movements 
of flexion, extension, radial and ulnar abduction. It deseribes an oval, 
rather than a circle, with its greatest axis anteroposterior. 

VII. Pronation and Supination.—These movements occur about an 
axis which, proximally, passes through a variable point near the center 
of the slightly oval radial head, and, distally, passes between the centers 
of the distal articular surface of the radius and the ulnar head, closer 
to the latter. Heiberg’s' theory, first propounded by Le Comte, and 
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'S states that in pronation and supina- 


supported by many others,* ?” 
tion the ulnar head is not fixed but rotates, in a lesser are, opposite 
that of the radius. Catheart'® has shown that the shoulder joint, as well 
as the elbow joint, supplements the proximal and distal radioulnar joints 
in this complex movement. 

Pronation (all muscles being removed) is eheeked in the human 
eadaver by the (1) posterior radiocarpal ligament, (2) posterior infe- 
rior radioulnar ligament, (3) collateral ligaments of the wrist, and (4) 
tension in the posterior part of the annular ligament of the proximal 
radioulnar joint. Supination (all muscles being removed) is limited 
by the (1) anterior radiocarpal and ulnarearpal ligaments, (2) ante- 
rior inferior radioulnar ligament, (3) collateral ligaments of the wrist 
joint, (4) tension in the anterior part of the annular ligament of the 
proximal radioulnar joint, (5) interosseous membrane of the forearm, 
and (6) contact of the ulnar styloid process against the posterior border 
of the sigmoid eavity of the radius. How important the latter factor 
is becomes evident in the restriction of this motion in deformities affect- 
ing the integrity of the distal radioulnar articulation; e.g., fractures 
with shortening of either radius or ulna; upward displacement of the 
radius as follows severe fracture, dislocation or surgical removal of the 
radial head; disturbances of growth at the distal radial and ulnar 
epiphyses; and luxation of the ulnar head. 


RECURRENT LUXATION AT THE RADIOCARPAL JOINT 


Traumatic dislocation of the wrist has been reported frequently, in- 
variably associated with fracture of the adjacent bony structures. This 
is to be differentiated from those deformities of the wrist in which, as a 
result of developmental aberration, epiphyseal injury or infection, there 
is an apparent forward or backward displacement of the hand on the 
forearm, the radiocarpal and medioecarpal joints remaining intact. 
Mouchet and Belot'* report a case of bilateral ‘‘snapping wrist,’’ in 
which the distal carpal row dislocated recurrently and anteriorly on the 
proximal carpal row, spontaneously on the right side and with passive 
effort on the left side. To my knowledge there has been no instance of 
recurring dislocation at the radiocarpal articulation reported in the 
medical literature. 


Case Report.—M. G., a female, first noted a painless deformity of her left 
wrist at the age of 17 years. There had been no preceding injury or disease of 
the involved wrist. Her family history and past personal history were negative. 
The unilateral deformity was diagnosed as an early Madelung’s deformity. There 
were dorsal and lateral curvature of the radius associated with shortening of the 
radius, anterior deviation of the distal articular surface of the radius so that the 
hand appeared displaced volarward, dislocation and prominence of the ulnar head 
dorsally, and ‘‘triangulation’’ 
overhanging posterior lip of the distal articular surface; ulnar abduction was 


of the ecarpus.!5  Dorsiflexion was limited by the 


limited by the prominent ulnar head. 
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The deformity was cosmetically improved by the removal of a dorsal wedge at 
the distal end of the radius in February, 1936, but the patient began to experience 
pain, especially about the more prominent ulnar head, in May, 1936. She was 
subjected to a second operation for the removal of the distal three-fourth inch 
of the ulna, with subsidence of her discomfort. In February, 1938, she began to 
complain of recurrent episodes of painful swelling of the left wrist and of an 
annoying painful ‘‘click’’ upon flexion of the left wrist. There were an unusual 
amount of preternatural mobility of the hand on the forearm present passively 
and a palpable click in the wrist on flexion beyond 30°. Lateral roentgenograms 
revealed a recurrent, partial, anterior dislocation of the proximal carpal row on 
the radius upon flexion of the wrist, with spontaneous reduction on extension. The 
patient’s disability and complaints increased despite periodic splint fixation and 
intensive physiotherapeutic measures until August, 1939, when she requested a more 
radical and effective interference. The following operative procedure was employed, 
after considerable trial on the human cadaver, in preference to an anterior bone 
block or a radioearpal fusion, as the simplest means of restoring stability and 


yet of preserving function and motion in the involved joint. 





Fig. 3.—Sagittal section of wrist and lower end of forearm: R, radius; l, lunate; 
m, OS Magnum (capitate); 3rd met, third metacarpal; 1, extensor carpi radialis brevis 
tendon; 2, dorsal radiocarpal ligament and dorsal capsule; 3, volar radiocarpal liga- 
ment and volar capsule. 





Operation.—A three-inch incision was made on the dorsum of the left wrist 
extending two inches proximal to and one inch distal to the radiocarpal articu- 
lation, and just lateral (radial) to the prominent ridge which separates the tendons 
of the extensor carpi radialis brevis and extensor pollicis longus. The sheath of 
the former tendon was incised longitudinally and the tendon was severed two inches 
above the joint line. By retracting the extensor pollicis longus tendon laterally 
after partially opening its sheath and by incising the dorsal capsule transversely, 
a satisfactory view of the radiolunate joint was obtained. The distal stump of 
the extensor carpi radialis brevis tendon was split into equal halves and one part 
was roughened and passed through one-eighth-inch drill holes which traversed the 
lunate bone and the distal end of the radius, penetrating near its center. This 
maneuver, while it was performed with difficulty on the cadaver, was effected 
with ease in the patient because of the marked laxity of the tissues in this region. 
The tendon was sutured under tension, with the wrist in neutral position, beneath 
two periosteal flaps previously elevated, and this was reinforced with the incised 
tendon sheath walls. The unused portion of the distal tendon stump was resutured 
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to the proximal portion, superficial to its previous tendon sheath. The sheath 
of the extensor pollicis longus tendon was repaired, and the subcutaneous tissue 
and skin closed in layers (Figs. 3 and 4). 

The left wrist was immobilized in plaster of Paris, in neutral position, for 
three weeks and this was followed by physiotherapy, massage, and exercises to 
regain motion. When last examined (February, 1940) she had had no recurrence 
of the clicking sensation. The range of active motion was: 60° flexion, 45° extension, 
20° radial abduction, 20° ulnar abduction, and complete pronation and supination. 


There was no anteroposterior motion, actively or passively. 

Discussion.—The recurrent luxation and the preternatural mobility 
in the radioearpal articulation were believed due to three factors: 

1. An exaggerated radiocarpal joint angle with deficient anterior lip 
of the distal articular surface of the radius, despite the previous wedge 
resection performed to correct this deformity. 





Fig. 4.—Line drawings of specimens shown in Figs. 1 and 2. a, Frontal view and 
b, lateral view, showing one-half of the distal stump of the extensor carpi radialis 
brevis tendon traversing channels drilled through the radius and lunate bone, with 
the other one-half of the distal stump resutured to the proximal portion of the tendon. 


2. Hypotonia of all the joints of both upper extremities, and espe- 
cially evident in the normal right wrist. 

3. The loss of the essential support of the wrist joint (reinforcement 
of the dorsal radioecarpal ligament and capsule by the extensor tendons 
and their sheaths) by the shortening of an already foreshortened radius 
through a dorsal wedge resection at the distal end of the radius, and 
by the removal of the distal end of the ulna. 

The operative procedure employed in this case is based upon the 
technique of the Nicola operation for recurrent dislocation of the shoul- 
der joint,’° a ligamentous strut being constructed across the center of 
the radiocarpal joint. It was appreciated that motion in this joint 
would thereby become somewhat impaired, since the center of its motion 
was being transferred from the center of the head of the capitate bone 
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to the center of the radiocarpal joint itself, but it was believed (and 
substantiated postoperatively ) that the loss would be compensated for 
by the motion in the mediocarpal and carpometacarpal articulations. A 
similar change in the center of shoulder joint motion occurs following 
the Nicola procedure, but the glenohumeral restriction resulting thereby 
is so well supplemented by motion in the acromioclavicular and sterno- 
elavicular joints that a complete range of motion is usually restored to 
the shoulder joint complex. This principle has been employed for 
habitual anterior dislocation of the distal end of the ulna by Hill,!7 who 
passes the tendon of the extensor carpi ulnaris through a longitudinal 
tunnel in the ulnar head. 
CONCLUSIONS 

1. Dissections of the wrist joints of four human cadavers show that 
the strength of this joint and the prevention of preternatural mobility 
are dependent upon the extensor tendons which are closely related to 
dorsal surface of the radiocarpal and mediocarpal joints and the ex- 
tensor sheaths which blend intimately with the posterior joint capsule. 

2. Roentgenographic measurements of the normal wrists of several 
subjects reveal that: 

a. Palmar flexion occurs mainly in the mediocarpal joint ; dorsiflexion 
oecurs mainly between the radius and navicular bone; motion is greater 
between the radius and navicular bone than between the radius and 
lunate bone, in both palmar and dorsiflexion; and the combined range 
of motion in the component joints of the wrist is almost equal in both 
palmar and dorsiflexion, being slightly greater in the latter. 

b. In supination the range of ulnar abduction, which occurs to equal 
extent in the radiocarpal and medioearpal joints, is three times greater 
than that of radial abduction, which occurs mainly in the mediocarpal 
articulation; in pronation the range of ulnar abduction, which occurs 
mainly in the radiocarpal joint, and radial abduction, occurring almost 
entirely in the mediocarpal joint, are almost equal, being slightly greater 
in the latter. 

5. A ease of recurring anterior luxation at the radiocarpal articula- 
tion, superimposed upon a pre-existing Madelung’s deformity of the 
wrist, is reported and its successful surgical correction is discussed. 

I am indebted to Proefssor J. Parsons Schaeffer, Director of the Daniel Baugh 
Institute of Anatomy, Jefferson Medical College, Philadelphia, Pa., for his generous 
supply of anatomic material. 
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MALLET OR BASEBALL FINGER 


EMANUEL B. KAPLAN, M.D., New York, N. Y. 


HE deformity which is called mallet or baseball finger has been 

described and the treatment of it indicated by many authors. The 
general conception of the cause of this deformity was a rupture of the 
insertion of the extensor tendon of the finger from the base of the 
distal phalanx with an accompanying avulsion fracture of this base. 
The usual treatment was an application of an extension splint to the 
volar surface of the finger, placing the distal phalanx in hyperexten- 
sion for a certain period of time; or surgical interference, consisting 
in a reattachment of the extensor tendon to the base of the distal 
phalanx through a small L-incision placed over the distal inter- 
phalangeal joint of the finger. 

The above-described treatment, whether of the first or second type, 
was found inadequate in many cases, causing a serious disability, espe- 
clally for people in certain professions. 

Multiple observations of these deformities convinced me that the 
mallet-finger deformity is caused by an injury at different points of 
the distal part of a finger and probably is very rarely due to an 
avulsion fracture, as heretofore described. 

A systematic roentgenographic study of freshly acquired mallet- 
finger deformities showed that the evidence of a fracture at the base 
of the distal phalanx was present infrequently. Furthermore, it 
showed that, in those cases where the x-ray does not reveal a fracture 
of the base of the distal phalanx, the examination of the dorsum of the 
finger reveals an area of acute pain located, not at the base of the 
distal phalanx, but over the middle of the dorsum of the middle 
phalanx. This area appears slightly depressed, as if the underlying 
structures had retracted between the skin and the phalanx; in the 
area of the distal interphalangeal joint a distinct swelling can be 
noticed and, of course, the distal phalanx cannot be extended. 

In those cases where an x-ray reveals a fracture of the base of the 
distal phalanx no area of depression or swelling is usually found 
over the dorsum of the distal or middle phalanx of the finger. In 
these cases, in addition to flexion, the distal phalanx at times may be 
found slightly deviated to either the ulnar or radial side. 

In a previous article in which a detailed anatomical study of the 
extensor tendon of the finger was made, the above-mentioned facts 
were generally described. However, details were not given as they 
required further study. 


Received for publication, November 4, 1939. 
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New facts have been found since the publication of the article con- 
cerning cases where the x-ray showed a fracture of the base of the 
distal phalanx. On operation in these cases the distal interphalangeal 
joint and the extensor tendon were exposed through a U-incision as 
proposed before. In a typical case, the x-ray of which is shown 


(Fig, 1), a fracture of the base of the distal phalanx shows what could 





Fig. 1.—X-ray of a fracture of the base of the distal phalanx due to a typical injury 
by a ball. 





— 


Fig. 2.—Photograph of same case as shown in Fig, 1. Typical mallet-finger deformity. 
be called an avulsion fracture of the base. Fig. 2 shows the photo- 
eraph of the same case, which is a typical mallet-finger deformity. On 
operation in this case the distal interphalangeal joint showed no tear 
of the extensor tendon and no avulsion of the tendon from its inser- 
tion. The examination of this patient, previous to the operation, 


showed no evidences of swelling or depression of the dorsum of the 
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finger. Apparently, in this case the mallet-finger deformity was not 
due to any injury of the extensor, but was produced by a change in 
relationship between the articular surfaces of the head of the middle 
phalanx and the base of the distal phalanx. 

There exists a balance between the action of the extensors and flex- 
ors of the fingers with a preponderance of the flexor action. Normal 
function with normal extension is possible only in the presence of 
normal articular surfaces. As soon as the normal relation of the ar- 
ticular surfaces is lost, the preponderance of the flexor is evidenced. 





Fig. 3.—Mallet deformity of the index due to arthritis. 





9 


Fig. 4.—xX-ray of the same deformity as shown in Fig. 3. 


The active extension is then impossible because the normal propping 
necessary for extension leverage is lost in the distal interphalangeal 
joint. Fig. 3 illustrates a mallet deformity in which no injury to the 
finger occurred. The patient was suffering from a destructive type 
of arthritis of the fingers, the exact nature of which was not estab- 
lished. On x-ray examination (Fig. 4) a destruction of the articular 


surface of the distal interphalangeal joint could be seen. In this case 
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passive hyperextension of the distal phalanx was possible, and active 
hyperextension was absolutely impossible, in spite of the absence of 
injury. It was, apparently, due to the loss of normal contact of the 
articular surfaces between the distal and middle phalanges. 

In several other cases where an x-ray showed a fracture of the base 
of the distal phalanx, the surgical exposure of the distal interphalan- 
geal joint showed no avulsion of the extensor tendon. These obser- 
vations made it possible to conclude that, in the so-called mallet fingers 
with x-ray evidence of a fracture of the base of the distal phalanx, the 
deformity is mostly due not to an avulsion of the extensor tendon at 
the base of the distal phalanx, but to a change in the relation of the 
articular surfaces of the distal interphalangeal joint. The treatment 
of these cases may be satisfactorily obtained by application of a hyper- 
extension splint. However, the deformity might be better corrected 
by a proper exposure of this joint and a gentle replacement of the dis- 
placed fractured fragment into its proper location. Fig. 5 shows the 





Fig. 5.—Procedure for operative correction of fractures of the base of the distal 
phalanx. 


procedure to be followed. Through a U-incision with a distal base the 
insertion of the extensor tendon into the terminal phalanx is exposed. 
The dorsolateral aspect of the distal interphalangeal joint is located 
and the fractured fragment replaced into position. The terminal 
phalanx is hyperextended. After ascertaining that the fragment is 
holding, the U-flap is sewed back in place and an appropriate hyper- 
extension splint used, with the caution of not exerting too much pres- 
sure over the dorsum of the finger when the bandage is applied. Four 
to five weeks of immobilization in this position are sufficient for after- 
treatment. 

In cases where an x-ray of the injured mallet finger does not show 
any fracture and where the dorsum of the finger shows the pain, swell- 


ing, and depression, as previously mentioned, the injury consists in a 
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rupture of the extensor tendon which occurs not at its insertion at the 
base of the distal phalanx, but over the dorsum of the middle phalanx. 
The rupture follows an irregular, more or less oblique line, involving 
the two proloneations of the extensor tendon and the structure be- 
tween them (Fig. 6). The operative procedure for these cases has 
been described in a previous article and is illustrated in Fig. 7. It is 
believed that, while the hyperextension splint in certain cases of a 
fractured base of the terminal phalanx may be satisfactory, the hyper- 
extension splint in the treatment of a rupture of the extensor tendon 
is inadequate and is probably responsible for failures in a number of 
instances. The rupture of the extensor tendon may be corrected ap- 
parently only by a suture of the tendon as described in the previous 
article. 

Real avulsion fractures of the terminal phalanx are probably ereat 


rarities, although they were described as the usual type. 





Fig. 6.—Schematic representation of the location of extensor tendon tear in certain 
mallet-finger deformities. 


2 ton BOW 





Fig. 7.—Operative correction of extensor tendon tears. 


The mechanism of the two types of mallet-finger deformities due 
to injury is apparently not complicated. In Fig. 8 the mechanism of 
rupture of the extensor tendon producing this deformity is illustrated, 
the finger being in hyperextension and the extensor tendon being 
tense with a pulling force directed proximally. If a force is applied 
directly to the dorsum of the terminal phalanx of the hyperextended 
finger, the rupture does not occur at the insertion of the extensor ap- 
paratus to the terminal phalanx, neither at the point of insertion at 
the base of the middle phalanx, but in the area between these two 
fixed points, over the dorsum of the middle phalanx. If the force is 
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applied directly to the end of the terminal phalanx, the base of the 
terminal phalanx is fractured in correspondence with the angle of 
application of force, thus producing a change of the normal contact 


of the articular surfaces (Fig, 9). 





























Fig. 8.—Mechanism of the rupture of the extensor tendon. 
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Fig. 9.—Mechanism of fracture of the base of the distal phalanx. 


The U-incision on the dorsum of the finger has the following advan- 
tages: It gives a very much better exposure of the dorsum and it 
eliminates adhesions over the distal interphalangeal joint which oceur 
when the incision is placed over the distal interphalangeal joint. The 
avoidance of these adhesions is of great importance. The extensor 
apparatus of the dorsum of the finger has a gliding motion, when the 


finger passes from extension to flexion and vice versa. he gliding 
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motion is only about 1 or 2 mm. and it is not due to the elasticity of 
the extensor apparatus but to the free play of the fibers which unite 
the extensor apparatus to the sides of the proximal interphalangeal 
joint. The slightest interference with this gliding motion by ad- 
hesions, be it at the insertion over the distal interphalangeal joint, or 
at the proximal interphalangeal joint, produces a corresponding short- 
ening of the portion of the extensor apparatus between the distal and 
proximal interphalangeal joints. This shortening interferes with the 
normal balance between the extensor and the flexor tendons of the 


finger, with a subsequent development of a hyperextension of the prox- 





Fig. 10.—Typical deformity of the ring finger due to postoperative adhesions over the 
dorsum of the distal interphalangeal joint. 


imal interphalangeal joint. It was observed that in those cases of 
mallet-finger deformities in which an incision was made over, or in 
the nearest proximity of the dorsum of the distal interphalangeal 
joint, a deformity invariably developed which consisted in a hyper- 
extension at the proximal interphalangeal joint and a persistence of 
the mallet-finger deformity (Fig. 10). The U-inecision permits a wide 
exposure of the distal interphalangeal joint and eliminates a scar 
involving the skin, tendon, and the underlying periosteum. In all the 
cases so far observed, not a single instance of necrosis of the flap was 
noticed. 

The purpose of this study is to show that the generally accepted 


view which considers the cause of the mallet-finger deformity to be 
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an avulsion fracture of the base of the terminal phalanx is doubtful. 
The probable cause is either a rupture of the extensor tendon appa- 
ratus over the dorsum of the middle phalanx or a fracture of the base 
of the terminal phalanx without any injury to the extensor tendon. 
The treatment in the first tvpe is a suture of the torn structures as 
described previously. The treatment in the second type is a hyper- 
extension splint, as has been used extensively, or an operative pro- 


cedure which may improve the results. 
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Editorial 


The Development of the Collateral Circulation in Peripheral Arterial 
Aneurysms by Sympathetic Block 


HE final result following the surgical treatment of the various 

organic diseases of the peripheral arteries depends upon the pres- 
ence of a collateral circulation to maintain continuity of tissue and 
life of the extremity when the main vessel is obstructed. Conversely, 
if there is a failure of development of an adequate accessory circula- 
tion in the presence of progressive organic disease, there is a partial 
or complete loss of the extremity because of gangrene. 

As the majority of arterial aneurysms of the peripheral arteries can 
be classed as systemic or traumatic organic diseases, the collateral 
circulation distal to the aneurysm is of paramount importance for the 
successful treatment and for the maintenance of a normal functioning 
extremity. 

There are anatomic areas in which aneurysms of the peripheral 
arteries are likely to occur, the most common sites being the popliteal, 
femoral, axillary, and carotid vessels. Also, the subclavian may be 
considered a peripheral vessel because the blood supply to the upper 
extremity is dependent upon its patency. The majority of arterial 
aneurysms of the peripheral arteries are traumatic in origin, with the 
exception of the popliteal. subclavian, and carotid. The last are due, 
in the majority of instances, to systemic disease, of which syphilis and 
arteriosclerosis play the most important roles. 

That injury to an artery, either by mechanical means or by intrinsic¢ 
disease, produces an irritation of the vascular sympathetic nerves 
(vasoconstrictors and dilators), which irritation results in vasomotor 
irritability and spasm of the vascular tree, is a well-known clinico- 
pathologic fact. Therefore, in all arterial aneurvsms of the peripheral 
arteries there is a decrease in the normal flow of blood through both 
the collaterals and main arterial stem. 

The successful treatment of all aneurysms of the peripheral arteries 
with few exceptions depends upon the obliteration of the aneurysmal 
dilatation of the artery and the maintenance of a normal limb distal 
to the aneurysm by an adequate and sustained collateral circulation. 
The obliteration of the aneurysm is accomplished either by proximal 
polar ligation of the main artery, with secondary clotting of the sae, 
or by the obliteration of the aneurysm sac by the intrasaccular suture 
of Matas. Regardless of the type of operative procedure used in the 
surgical cure of the aneurysm, the maintenance of a normal funetion- 
ing limb depends upon the development of an adequate and sustained 
collateral circulation. 
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If an adequate collateral circulation is found to be present preopera- 
tively, one certainly cannot be assured that it will be maintained post- 
operatively because the sympathetic nerves controlling the caliber of 
the vessels as well as the volume flow through them are intact. The 
reflex arc, therefore, is capable of setting up vasomotor spasm of the 
vessels from the stimulation of the nerves by surgical trauma, as well 
as by the irritation produced by sterile or septic inflammatory exuda- 
tions following operation. The collateral circulation then becomes 
rapidly deficient, which not infrequently results in gangrene of the 
tissues distal to the aneurysm. This postoperative vascular spasm of 
the collaterals occurs in both arterial and arteriovenous aneurysms. 

There are several anatomical sites where the collateral circulation 
is normally deficient and must always be tested and developed before 
the main artery can be obliterated. These locations are as follows: 
popliteal, internal carotid, common femoral, common and external 
illiacs. Therefore, aneurysms occurring in these areas have, as a rule, 
an inadequate collateral circulation to the tissues distal to the aneu- 
rysm. In treating aneurysms occurring in the areas of collateral de- 
ficiencies, the collateral circulation must not only be developed but sus- 
tained in order that gangrene will not occur. 

The efficiency of the collateral circulation can be determined pre- 
operatively by the test devised by Dr. Matas. The test consists of ren- 
dering the extremity ischemic by the application of a Martin rubber 
bandage from the toes to above the aneurysm, application of the Matas 
compressor to the main artery above the bandage, removal of the 
rubber bandage, and notation of the time required for the ischemic 
foot or hand to regain its pink color. This test is indispensable from 
the standpoint of determining the presence of a collateral circulation. 
Havine determined that sufficient collateral vessels exist, the next and 
the most important procedure is to develop and sustain an adequate 
collateral circulation with sufficient blood flow that will nourish and 
maintain normal metabolism of the tissues of the extremity. If it is 
determined preoperatively that a fair to good collateral circulation 
is present, there is no assurance, however, that it will be maintained 
postoperatively as lone as the involved vessels are under the control of 
the sympathetic nervous system. 

In order that the collateral circulation may be developed rapidly, 
the collateral vessels permanently dilated and an increased volume flow 
of blood pass through the vessels, and the increased blood flow and 
vessel dilatation be maintained, the entire vascular tree of the ex- 
tremity must be completely dissociated from its sympathetic nerve 
control. The preoperative removal of the sympathetic control of the 
vascular tree of an extremity not only produces vasodilation of the 
collateral vessels, and an increase in the blood volume flow, but pre- 


vents the development of postoperative vasomotor spasm of the vessels 
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secondary to operative trauma. If this postoperative vasomotor spasm 
of the collateral vessels is sufficiently prolonged, thrombosis and sec- 
ondary gangrene may occur. 

Thies has definitely proved experimentally that there is increase of 
blood volume flow through the arterial tree of the hind lee of the dog, 
following the removal of the lumbar sympathetic ganglionated chain 
and ligation of the femoral artery on the same side. This has also 


been demonstrated clinically in diseases of the peripheral vessels, such 


as Buerger’s, Raynaud’s and arteriosclerosis. There exists in two of 


these diseases an organic obliterative arteritis of the main arterial 
stem with concomitant vasospasm of the vessels of the collateral 
circulation. In removing the sympathetic control of the entire arterial 
tree of an extremity by ablation of the sympathetic ganglionated 
chain, either by mechanical or chemical means, there results an im- 
mediately increased blood volume flow through the vasodilated col- 
laterals which is sustained. If this method of treatment is induced 
early in the diseased states noted above, the normal color of the 
extremity returns, the surface temperature is consistently elevated, 
gangrene is prevented, and the associated pain is relieved in the ma- 
jority of cases. However, if the collateral vessels are involved by the 
progression of the disease and their caliber greatly diminished or ob- 
literated, gangrene with complete or partial loss of an extremity be- 
comes inevitable. 

In 1934 it was suggested! that the sympathetic nerves supplying the 
arterial tree of an extremity be interrupted by surgical removal or 
alcoholic destruction of the sympathetic ganglia, in order that an 
adequate collateral blood supply would not only be produced but 
maintained, preoperatively as well as postoperatively, following the 
surgical treatment of all arterial aneurysms of the peripheral arteries. 
The alcoholic destruction of the ganglia is preferable to surgical re- 
moval in the majority of cases. 

For aneurysms of the lower extremity involving the iliae, common 
femoral, femoral, and the popliteal arteries, the first, second, and third 
lumbar sympathetic ganglia on the same side as the aneurysm should 
be injected with 95 per cent alcohol. In the upper extremity, for the 
subclavian, axillary, and the brachial aneurysms, the stellate ganglion 
and upper three dorsal sympathetic gangla should either be removed 
surgically or repeatedly injected both preoperatively and postopera- 
tively with 1 per cent novocain. This same procedure should also be 
used for carotid and intracranial aneurysms. Alcoholic injection of 
the stellate ganglion is contraindicated due to the high incidence of 
aleoholic neuritis of the brachial plexus which results from diffusion 
of the injected alcohol. In the lumbar region the posterior approach 
of Lundy is used to inject the lumbar sympathetic ganglia. For the 
stellate and upper three dorsals the posterior approach of Lundy can 
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also be used; however, we prefer the anterior approach devised by 
Leriche and modified by DeBakey. 

In the surgical clinic at Tulane University we have used this pro- 
cedure in over fifteen cases of both arterial and arteriovenous aneu- 
rysms of the peripheral arteries. The collateral circulation has been 
rapidly developed and maintained. The aneurysm sae decreased in 
size and intrasaccular clotting occurred in all of the cases. Ineluded 
in our series are aneurysms of the brachial, common iliac, external 
iliac, common femoral, femoral, profunda femoria, and popliteal. The 
aneurysms have been of both the arterial and arteriovenous types. The 
ages of the patients ranged from 12 to 64 vears. 

Gangrene has not occurred in a single case, even though two patients 
with popliteal aneurysms had postoperative infection of the wound. 
The foot and the extremity on the side operated upon maintained not 
only an elevated surface temperature, but a normal color. This has 
been demonstrated in all the cases. The results obtained in these cases 
justify a continuance of this method of producing and maintaining an 
adequate collateral circulation as a preliminary to the surgical treat- 


ment of all cases of aneurysms of the peripheral arteries. 
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FRACTURES OF THE ZYGOMATIC BONE 


RANK F. KaANTHAK, M.D., Cuicaco, IL. 


(From the Department of Surgery, University of Illinois Colleges of Medicine and 
Dentistry, and the Cook County Hospital, Division of Oral and Plastic Surgery) 


RACTURES of the zygomatic bone and the zygomatic arch have 
shown a marked inerease in frequency in the past decade. This 
communication deals with a study of twenty-six cases of fracture of the 
zygomatic bone or zygomatie arch, observed and treated at the Cook 


County Hospital. 
INCIDENCE 


Matas (1896), reviewing the early literature on the incidence and 
treatment of these fractures, estimated the incidence of fractures of the 
zygomatic bones on the basis of hospital experience between the years 
1879 to 1896. During this period of seventeen vears, 111,802 patients 
were admitted to the Charity Hospital of New Orleans. This group in- 
eluded 5 fractures of the zygomatic arch or the zygomatie bone, giving 
an incidence of 1 fracture in every 22,360 hospital admissions. Speed 
(1916) reported ‘‘in Cook County Hospital in the last eight vears there 
have been 17 fractures of the malar bone.’’ During the period 1909 to 
1916, approximately 171,000 patients were admitted to the Cook County 
Hospital. This provides an incidence of 1 fracture of the zygomatic 
bone to every 10,000 hospital admissions. In the year 1939, 23 fractures 
of the zygomatic bone and zygomatic arch have been seen and treated 
at Cook County Hospital. Therefore, an incidence of 1 fracture of the 
zygomatic bone or zygomatic arch to about 3,040 hospital admissions per- 
tains at the present time. This represents an increase of 700 per cent 
in the incidence of these fractures since the time of Matas’ report and 
300 per cent since 1916. The reasons for the increase in the incidence 
of these fractures are not readily apparent, since, as will be shown later, 
most of the fractures in this series resulted from fights and fist blows. 
Automobile injuries, which are usually considered an important factor 
in the production of these fractures, accounted for 40 per cent of the 
cases in this series. In our experience fractures of the facial bones occur 
in this approximate order of frequency: (1) fractures of the mandible; 
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(2) fractures of the nose; (8) fractures of the zygomatic bone and 
zygomatic arch; (4) fractures of the maxilla; (5) miscellaneous multiple 
fractures. 

ANATOMY 


The zygomatic bone (old terminology, malar) lies in the most 
prominent part of the cheek and is therefore often referred to as the 
cheek bone. It articulates anteriorly with the zygomatie process of 
the maxilla, posteriorly with the zygomatic process of the temporal 
hone by which junction the zygomatie arch is formed; and superiorly 
it unites with the great wing of the sphenoid and the frontal bone. 
The anterior-superior portion of the bone forms the lateral orbital 
border and a portion of the floor of the orbit. In structure the 
zvgomati¢ bone is compact with little spongy tissue. Assisted by the 
zygomatic process of the temporal bone, it forms the buttress which 
supports the maxilla and the lateral wall of the orbit. Beneath the 
zygomatic arch is the coronoid process of the mandible, an anatomieal 
fact worthy of notice. A depressed fracture of the zygomatie arch 
or of the zygoma by mechanical interference may prevent normal 
movements of the mandible. 


PRODUCTION OF FRACTURES 


Breaks in the continuity of these bones are produced by a variety 
of agents. The injuries were produced in the series reported here 
by fist blows (13 eases), automobile accidents (10 cases), blackjack 
(1 ease), football (1 case), fall (1 case). These fractures oeeur in 
by far the largest majority of cases as single fractures; i.e., only in- 
frequently are other facial bones, with the exception of the maxilla, 
involved. 

The area in which fractures oceur is illustrated in Figs. 1 and 2. 
It should be noted that the zygomatie bone does not always separate 
from the maxilla at the suture line. Naftzger (1928) investigated 
the experimental production of these fractures. In Naftzger’s series, 
which was conducted on cadavers, the maxillary sinus was found to 
be involved each time the zygomatie bone was fractured. It is evident 
that, because of the thin anterolateral wall of the antrum, fractures 
in this region oceur most readily by a crushing in of this structure. 
Thus, a hard, moving object, such as a fist, applied directly to the 
cheek bone will produce an impacted fracture of the zygomatic bone, 
erushing in the lateral antral wall, separating the frontal suture, and 
dropping the orbital floor. There may be buekling outward of the 
zygomatic arch due to a posteriorly applied force, or the zygomatic 
arch may be intact, except for the junction with the zygomatic bone. 
The zygomatic arch alone may be fractured by a directly lateral force, 
separating from the zygomatic bone at its sutural junction. Since, 
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anatomically, the zygomatic arch is formed in part by the zygomatic 
bone, it is evident that a depressed fracture of the zygomatic bone 
usually is associated with a depressed fracture of a portion of the 
zygomatie arch. In the series reported here, the zygomatic bone and 
zygomatic arch were involved in 21 cases and the zygomatie areh 


alone involved in 5. Of this group, 25 were males and 1 was female. 





Pam. 2s 





Fig. 1.—Lateral view of skull, showing zygomatic bone (stippled) and zygomatic 
process of the temporal bone. Note coronoid process of mandible underneath 
zygomatic bone and arch. 

Fig. 2.—Front view of skull with depressed fracture of right zygomatic bone. Note 
that separation does not occur at the suture line, but at the thinnest portion of the 
antral wall with consequent crushing. 


CLINICAL SIGNS AND SYMPTOMS 


In Fig. 3 are presented the outstanding signs and symptoms found in 
the 26 patients studied in this series. Thus, all of the patients in this 
series presented swelling of the face on the involved side. Swelling may 
obseure signs of fracture; but early, before swelling occurs, or late, after 
swelling has receded, it may be seen that the involved side of the face 
is usually flattened due to loss of the normal prominence of the 
zygomatic bone (Fig. 4). Three of the patients had no obvious depres- 
sion of the face, but they did complain of interference with movements 
of the jaw. Fractures, however, were demonstrated on x-ray examina- 
tion. Twenty-one of the patients studied complained of moderate or 
marked interference with the movements of the mandible. This varied 
from some restriction of full opening of the mouth to complete inability 
to separate the teeth. The interference with movements of the mandible 
was particularly marked in those fractures of the zygomatic arch where 
there was a depression of the bone and mechanical interference with the 
coronoid process of the mandible. That this interference in movement 
is not due entirely to muscular trismus is indicated by the fact 
that immediately after elevation of the fragments much fuller motion 























Berto tere 








RECENT ADVANCES IN SURGERY 799 


Cases 
5 10 5 20 25 





Swelling of face 
26 or 100% 











Depression of face 
23 0r 89% 











Trismus or pein in jaw 
21 or 81%G% 











Ecchymosis 
20 0r7T% 











Anesthesia of infraorbital reg 
17 or 05% 








5 Total cases studied---26 





8g Cause of injury: 

Diplopia Fist blows ------------- 13 (50%) 
Automobile injuries-10 (38%) 

| Miscellaneous-------- 3 (12%) 














Emphysema 





4.—Characteristic flattening of the left malar eminence. Note also narrowing 
of the palpebral fissure on the left, due to changes in the orbital structure. This 
patient had diplopia which was completely relieved by elevation of the zygomatic 
bone and orbital floor. 
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of the mandible is attained. Eechymosis of the periorbital tissues was 
observed in 20 of the patients and several also presented with sub- 
conjunctival hemorrhage. Anesthesia of the upper lip and lateral : 
surface of the nose, an area innervated by the infraorbital branch 
of the superior maxillary division of the trigeminal nerve, was present 
in 17 of the patients studied. This anesthesia is associated with in- 
jury to the nerve as it leaves the infraorbital foramen in the maxilla. 
Diplopia may or may not be present when the orbital floor is distorted 
by a mass depression of the zygomatic bone. Changes in the orbital 
tension and attachments and tension of the extraocular muscles are 
responsible for the diplopia so produced. Two patients in this series 
complained of double vision which was entirely relieved by elevation 
of the zygomatic bone and restoration of the orbital floor to its normal 
position. Permanent impairment of vision is only likely to occur if 
the change is due to injury or paralysis of one of the extraocular 
muscles. Because of the dropping of the orbital floor and changes 
in the orbital tension, narrowing of the palpebral fissure may be found 
on the involved side. <As the floor is elevated and the optie globe 
pushed forward, this will be corrected. This change can only be 





noted in those late cases where the initial swelling and reaction have 
subsided. Surgical emphysema was seen in one ease in this series. 
This was probably due to a tear in the mucous membrane of the 
antrum with subsequent subcutaneous inflation of the tissues. This 
also cleared promptly with no untoward sequelae. Since there is 
usually a crushing in of the lateral antral wall in conjunction with 
fractures of the zygomatic bone, one of the most common signs is 


unilateral bleeding from the nose, produced by a discharge of blood 





from the maxillary ostium. Crepitus can rarely be elicited in these 
fractures because so many of them are impacted into the maxillary 
sinus. 
DIAGNOSIS 
The diagnosis may usually be readily made by the history, inspee- 
tion, palpation, and x-ray examination. Inspection, if made early 





before swelling has oceurred, will indicate the characteristic flatness 
due to loss of the malar prominence or the arch of the zygoma. When 
only slight depression has occurred, this will not be evident. Palpa- 
tion of both sides of the face should be made systematically. The 
orbital rims should be outlined with the fingers. Separation of the 
zygomatic bone from the orbital process of the maxilla may be noted 
as a loss in continuity of the orbital rim, and detachment of the 
zygomatic bone from the frontal bone likewise may be noted. Palpa- 
tion of the zygomatic arch will indicate whether or not a depression 
is present. Interference with opening of the mouth is confirmatory 
evidence of depression of the zygomatie arch. Palpation in the muco- 
bueeal fold within the mouth likewise will indicate a change in con- 
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tour of the junction of the zygomatic bone and maxilla. Traumatic 
swelling may obscure all these findings, but early and late cases will 
be readily diagnosed. Iractures of the facial bones are frequently 
difficult to demonstrate unless particular care is taken with the posi- 
tion of the patient during x-ray examination (Fig. 5). <A satisfactory 
x-ray position has been deseribed by Gillies, Kilner, and Stone (1927) 
for the visualization of the zygomatie arch. Ennis (1939) deseribes 
a good position for the visualization of the zygomatic bone. In 


general, the Waters position, as used for sinus radiography should 


be adequate to demonstrate these fractures. 








4 
Fig. 5.—X-ray showing fracture of the right zygomatic bone. 
TREATMENT 
The care of these fractures has for its objectives the restoration of 
facial symmetry and, if they exist, the correction of diplopia and the 
relief of any interference to mandibular movements. Early treatment 
is essential for the best care of these fractures, for healing is so rapid 
that after two weeks it may be difficult to reduce the deformity without 





resorting to surgical separation of the bony junctions. All possible ap- 
proaches have been proposed to accomplish these effects. The early 


writers were conservative in their treatment of simple fractures with 





some evidence that in certain cases of fracture of the zygomatic areh 
the displacement and deformity and functional disturbances connected 
with mastication were finally overcome by natural muscular pull with- 
out operative interference (Agnew [1878], Garland [1885], Prewitt 
[1886], Clark [1887], Hamilton [1894]). The rationale of this ob- 
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servation is, apparently, that, when the jaws are at rest, the distorted 
pull of the masseter muscle which arises from the inferior and deep 








portions of the zygomatic arch will tend to restore the fractured bone i 
to its normal position. Duverney in the first case reported is said to i 
have restored a depressed fracture of the zygomatic arch by digital i 
manipulation from within the mouth. Many later writers contradict 
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this experience. Unless the fracture is a bowing out of the fragments 
which ean thus be pushed into place, it is evident that all dynamic forms 
of treatment must evolve upon the principle of open reduction. Matas 
first proposed the use of wire traction (Fig. 6). By his method, de- 
seribed for the treatment of depressed fractures of the zygomatic arch, 
a large, curved Hagedorn needle is threaded with heavy silk and passed 
through the skin under the zygomatic arch and brought out over the 
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arch. The silk acts as a carrier for a silver wire which is then attached 
and pulled through to form a wire sling about the bone. By this means 
traction can be exerted outward and the bone pulled into position. 
The bone is prevented from relapsing to its previous position by 
twisting the wire over a glass microscope slide laid over the arch on a 
piece of iodoform gauze. Other direct approaches have been proposed. 
Thus, towel clips and cowhorn dental forceps with which to grasp the 
bone from the outside have been proposed (Manwaring [1913], Gill 
[1928]). Moorhead (1917) recommends traction on the bone by a 
hook or other device passed beneath the depressed bone. This method 
has recently been reintroduced by Patterson (1935), who uses a heavy 
curved tenaculum passed under the bone through a small skin incision, 
pulling the fragments outward until reduction occurs. Similarly, 
Roberts (1928) makes a small incision over the bone and passes a special 
corkserew-like instrument through the bone, and, using this as traction, 
manipulates the fragment into place. Ivy and Curtis (1931) employ a 
modification of this method with success. They make a skin incision 
over the depressed bone, drill a small hole into the bone, and insert 
either an ordinary screw hook or a dental screw porte into the bone 
which may be thus manipulated. Less direct approaches have been 
proposed by Lothrop (1906), who makes an incision into the mucobuceal 
fold on the involved side, opens the antrum in the canine fossa as 
through a Caldwell-Luce approach, cleans the maxillary sinus of bone 
fragments and blood clots, and elevates the depressed malar bone by a 
sound introduced into the antral cavity. Gauze is then packed into the 
antrum to provide support for the fractured bone. The pack is re- 
moved in five to ten days. Shea (1981) and Watkins (1937) use a 
similar method of treatment except that an intranasal antral approach 
is used. Keen (1909) recommends reduction by inserting a heavy blunt 
instrument under the zygomatic process of the malar bone through the 
mouth, thereby lifting the fragments into place. This method has been 
reintroduced by Straith (19387). Gillies, Kilner, and Stone (1927) 
indicated another indirect approach which is a elassie of applied 
anatomy. An inch-long incision is made in the hairline superiorly and 
anteriorly to the ear, dissecting down to the temporal fascia through 
which a small incision is made. Through this opening an instrument 
may now be passed directly downward and forward under the zygomatic 
bone which can then be levered into a normal position. Any, and per- 
haps all, of these methods suffice for the treatment of early uneom- 
plicated cases and may be satisfactorily used, for here sufficient eom- 
minution usually exists to make possible the retention of the fragments 
onee they are elevated. Simple elevation of the bones, provided they 
will stay in the reduced position, is sufficient to treat the majority of 
these fractures, but some difficulty has been experienced in maintain- 
ing the position of the reduced fracture in late or neglected cases. For 
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this reason Lothrop’s method, opening the antrum through a Caldwell- 
Lue approach and holding the elevated bone in place with iodoform 
gauze, has been used in some cases in this series. In two of the patients 
so treated, it became necessary to provide intranasal drainage for the 
antrum because of the subsequent sinus infection. These patients then 
responded satisfactorily to further care. Ordinarily, the method of 
treatment followed is to reduce the fracture either by Gillies’ method or 
by simply elevating the fragment through a small incision in the buceal 
fold as deseribed by Keen. In some of the eases when the bones did 
not stay in place, the antrum was opened through a Caldwell-Lue ap- 
proach and iodotorm gauze treated with compound tincture of benzoin 
packed into it to hold the bones in position. We object to opening and 
packing the sinus on theoretical grounds as a poor surgical procedure. 
Kor this reason we have more recently used the methods of external 
traction as proposed by Ivy and Curtis (1981) and Akerman (1988). 
Through a small one-half-inch incision over the depressed area, a hole 
is drilled into the zygomatic bone, and an inch-long serew eve turned 
into the drill hole. The skin wound is closed with horsehair. A plaster 
headeap is fashioned after the manner of Scogin (1928) incorporating 
a side arm of heavy wire. Elastie traction supplied by rubber bands is 
passed from the serew eye to the wire extension. Such traction over a 
period of four to seven days will usually pull the bone in the desired 
position and retain it there. The obvious objection to external traction 
is the additional scarring of the face it produces and the necessity for 
the adoption of cumbersome, uncomfortable apparatus on the head. 
However, these disadvantages are minor compared to the development 
of ehronie sinusitis following packing of the antrum.  Kazanjian 
(1927) and Gerrie (1938) maintain the fractured bones in their normal 
position by means of wires threaded either through drill holes or passed 
about a comminuted end of the involved bone. Traction is then exerted 
on these wires from a headeap. Direct wiring of the fractured bones has 
been reported several times with apparently satisfactory results. 


SUMMARY 


Twenty-six cases of fracture of the zygomatic bone and zygomatie arch 
have been studied. The outstanding signs and symptoms presented by 
these patients were swelling and depression of the face, trismus and pain 
in the jaw, eechymosis, and anesthesia of the infraorbital region. The 
early literature on these fractures is reviewed and the treatment dis- 
cussed. No new method of treatment is proposed. Treatment by one 
of the indirect methods usually suffices in early cases. In late eases 
additional support to the fractured bones may be necessary to prevent 
postoperative collapse. This may be accomplished by packing the 
maxillary sinus through a Caldwell-Lue approach, holding the bones 
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in the appropriate position, but external traction on the bone avoiding 
additional injury to the sinus appears preferable. Evidence is presented 


to show the increase in the incidence of these fractures since 1896 
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Modern Surgical Techniques (3 volumes). By Max Thorek, M.D., Foreword by 
D. C. Balfour, M.D. Cloth. Pp. 2,045, with 2,175 illustrations. Philadelphia, 1958, 
J. B. Lippincott Company. $33. 
















The author writes in his preface that these volumes are ‘‘intended particularly 
for students, for general surgeons and for those general practitioners who are occa- 
sionally called upon to perform emergency operations.’’ One need not read far into 
the first volume to find the author describing the technique of removal of brain 
tumors and other highly departmentalized technical procedures. 

The author obvicusly has not followed the task which he set himself to do. He 
has tried to embrace the entire field of operative procedures; a great ambition, but 


one that is neither possible nor laudable. The one-man text on surgery no longer 










fills a useful place in surgical literature, other than as it depicts in part the author’s 
capacity to satisfy his own vain ambition to encompass the entire field of surgery 
or as it reflects, on the other hand, his ability to judge of the merit of other men’s 
work. As Balfour states in the foreword, experience is a most significant factor in 
surgery; so important is it that this reviewer believes that the time cannot be far 
distant when bookmakers will realize that not many works by a single author, essay- 
ing to discuss all of operative surgery in an enlightened manner, are worth publishing. 

To be sure, there may be found in these volumes much to commend them. The 
illustrations, in the main, are very good and in those departments of surgical knowl- 
edge where the author writes from his own experience, the text reaches its greatest 







heights. The author obviously has given much studied effort to the best known 
works of authors, but he has failed to document his text adequately with litera- 
ture citations. 

The obligation of authors and surgical bookmakers to their readers and the sci- 


ence and art of surgery is great. When authors and publishers are agreed that not 








more, but better, texts will enhance the art and science which they profess, only 
then will the writing of texts advance surgery. Surgical knowledge is also best dis- 
seminated in the various departments by those who have had personal experience 


with the therapeutic agencies which they describe. 










Les Hermaphrodites et la Chirurgie. By L. Ombrédanne. Paper, pp. 322, with 





113 illustrations. Paris, 1939, Masson et Cie. 85 fr. 














Ombrédanne here presents his own views of hermaphroditism and pseudoher- 







maphroditism. These differ sharply from those currently held and are ably defended. 
He believes that what might be called the ‘‘ practical sex’’ of the sexually anomalous 
individual should be determined, not only by the microscopic character of the gonads, 
but also by the form of the external genitals, by the secondary sex characters, and 
especially by the inclinations (libido) of the individual. The secondary sex char 


acters coincide more often with the external genitals than with the gonads. He 






advocates abandonment of the classical terminology and of existing classifications 
of hermaphroditism and pseudohermaphroditism, proposing instead to employ, after 
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Pozzi, the terms androgynoid and gynandroid. Androgynoid means that the gonads 
have the gross and sometimes the microscopic appearance of testes, often with 
feminine secondary sex characters and with variable sexual performance. The 
gynandroid individual has gonads with the characteristics of ovaries, and often has 
masculine secondary sex characters and a variable sexual performance. 

He believes that biopsy of the ovotestis in the hermaphrodite may be misleading, 
since testicular tissue may be surrounded by ovarian substance, or the two elements 
may lie side by side, or one above the other. Thus biopsy may recover only ovarian 
or testicular tissue when both are present. 

He reviews the various theories which attribute these anomalies to endocrine dis- 
turbance but concludes that they are due to some defect inherent in the chromosomes. 

While most cases are recognizable on physical examination, many are discovered 
at abdominal operations, such as appendectomy, when uterus, tubes, and ovaries are 
found in what appeared to be a male with undescended testes; or when a testis is 
discovered in an inguinal hernia in a female. 

Since it is often impossible to determine the sexual tendencies until after pu- 
berty, Ombrédanne is opposed to such operations as amputation of the penis or 
removal of the gonads until after the individual’s own wishes can be ascertained. 
Therefore, in the otherwise apparently female child with a penis, he buries the 
intact organ beneath a fold of skin where its size will not embarrass the growing 
‘‘oirl,’’ If masculine tendencies appear after puberty, it can be brought out and 
a penile urethra reconstructed; if feminine tendencies appear, it can be amputated. 
He also describes a plastic operation for enlarging a rudimentary vagina. 

Included with his reports of twenty-two personal cases are many excellent photo- 
graphs. The diagrams of operations are poor. There are brief discussions of her- 
maphroditism in mythology, art, and literature, as well as of its etiology, embryol- 
ogy, anatomy, and physiology. 

This is an excellent and stimulating book for anyone interested in the subject and 


makes a good companion to Neugebauer’s and Young’s works. 


Cardiovascular-Renal Disease: A Clinico-Pathologic Correlation Study Emphasizing 
the Importance of Ophthalmoscopy. By Lawrence W. Smith, Edward Weiss, 
Walter I. Lollie, Frank W. Konzelmann, and Edwin 8S. Gault. D. Appleton 


Century Company, New York. 1940. Pp. 227, with 76 illustrations. Cloth. 


Price $4.50. 


Five collaborators from Temple University have written a small monograph on 
cardiovascular-renal disease with emphasis upon the ophthalmoscopic changes. The 
reviewer admits a prejudice against the title Cardiovascular-Renal Disease, since 
the authors include such unrelated conditions as the hypertensive kidney, all forms 
of glomerulonephritis, the mercuric chloride kidney, the amyloid kidney, pyelo- 
nephritis when associated with hypertension and eclampsia. One wonders why poly 
cystic renal disease and hydror -phrosis were not included since they sometimes 
cause hypertension. Notwithstanding the multiple nature of the cardiovascular- 
renal group, the authors treat it as one entity at least in their statistical discussions. 

They have a naive trust in the reliability of vital statistics from insurance com- 
panies and agree that about 50 per cent of all deaths in persons over 50 years old 
are due to cardiovascular-renal disease. The report from the Metropolitan Life 
Insurance Company, from which the statistics are apparently taken, includes as 
‘‘cardiovascular-renal’’ a hodgepodge of diseases, among which are chronie valvular 


heart disease, diseases of the arteries, and chronic myocarditis. The authors do not 
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mention valvular disease in their discussion of the cardiovascular-renal group, but 


they include it in their statisties. Nothing but confusion can result from the treat 


ment of such a miscellaneous group as an entity. 

Such uncritical statements occur as ‘physicians as a class seem peculiarly sus- 
ceptible to’’ heart disease (page 9); ‘‘after age 45 the death rate from ‘cardio- 
vascular-renal disease’ is four times that from cancer’’ (page 44). 

The different forms of essential hypertension, viz., benign, severe benign, and 
malignant, are well illustrated with clinical histories and pathologie reports. The 
authors seem to limit malignant hypertension to those cases that show a necrotizing 
arteriolitis; they do not mention proliferative intimal thickening which is much 
more frequent in malignant hypertension. They seem to confuse intimal and medial 
changes in arterioles: a connective tissue stain would show their medial disease to 
be intimal in most instances 

The illustrations of the evegrounds are good, but in microscopic sections choroidal 
vessels are usually shown. 

The writers accept without question the view that pyelonephritis and eclampsia 
are common causes of hypertension. Their case of ‘‘ malignant nephrosclerosis fol- 
lowing severe pyelonepliritis’’ (page 168) might more readily be interpreted as an 
accidental association of the two diseases. 

The commendable features of the monograph are the opthalmescopic studies, the 
discussion of pathogenesis and the sane therapeutic considerations. It does not, 


however, contain anything original. 





